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(54) Tlfle: OLIGONUCLEOTIDES THAT BLOCK TOLL-LIKE RECEPTORS 



^5 (57) Abstract: Compositions and methods are provided for inhibiting the expression of Toll-Uke receptor-4 genes. Antisense and 
dsRNA oligonucleotides targeted to nucleic acids encoding toll-like-receptor-4 are preferred. Methods of using these oligonu- 
cleotides for inhibition of toll-likB-receptor-4 exptression, and thereby preventing the signaling of toll-like receptor-4 ligands and 
for treatment of diseases including septic shock, inflarmnatory and autoimmune diseases associated with toll-like ieceptor-4 ligands, 
are provided. 
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OLIGONUCLEOTIDES THAT BLOCK TOLL-LIKE RECEPTORS 

FIELD OF THE INVENTION 

The present invention relates to novel oligonucleotide sequences, capable of 
5 inhibiting the expression of Toll-like receptor- 4. The present invention further relates to 
pharmaceutical compositions comprising such oligonucleotides and to methods for using 
such compositions for the prevention or treatment of septic shock in gram-negative 
bacterial infections and for prevention or treatment of inflammatory and autoimmune 
diseases in which heat shock protein 60 (Hsp60) or other ligands of Toll like receptors are 
10 involved. 

BACKGROUND OF THE INVENTION 

Toll proteins 

The Toll-like receptors (TLRs) are proteins that contribute to the signal 
15 transduction induced by many pathogen-associated molecular pattems , and perhaps also to 
endogenous damage signals generated at sites of inflammation. 

An isolated and purified DNA molecule comprising a human genomic DNA 
segment encoding Toll-like receptor 4 and a biologically active fragment or variant thereof 
are disclosed and claimed in PCT publication WO 00/77204. 

20 Intemational application WO 99/20756 discloses DNA sequences encoding 

human Toll polypeptides and antibodies which specifically bind these polypeptides. The 
polypeptides are used to identify other proteins involved in Toll-mediated transduction 
(e.g. natural ligands), to screen for receptor and ligand mimics, and to generate antibodies. 

Intemational application WO 98/50547 discloses hxmian DNA of Toll-like 

25 receptor proteins and peptides derived from them. The compounds are claimed for use in 
altering phosphate metabolism, modulating inflammatory function or innate immunity 
responses. A binding compoimd, preferably an antibody or antibody fragment which 
specifically binds to these proteins or peptides, is also disclosed. However, the exact role of 
the Toll proteins in the above-mentioned processes has not been established. 
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Toll-like-receptor 4 and hsp60 

The previously described ligands for Toll-like receptors in mammalian cells are of 
microbial origin, which is in line with a function of these receptors in innate immune 
responses. It was recently found that the chaperone hsp60 is a putative endogenous ligand 
5 of Toll-like receptors in mammals (Ohashi et aL, J Immunol 164:558-561, 2000). This 
finding suggests that Toll-like receptors may not only have a function in innate immxme 
defense against microbial pathogens but also have a major physiological role in interacting 
with endogenous ligands. 

It is noteworthy that both Toll-like receptors and hsp60 are found early in 

10 phylogeny and both are of remarkably conserved structure. This indicates that their 
interaction is relevant and may also occur in more primitive organisms. This is reminiscent 
of the situation in Drosophila where Toll controls dorsal-ventral patterning with spaetzle 
serving as endogenous ligand (Marisato and Anderson, Cell 76: 677-688, 1994), while in 
adult insects Toll controls the antifungal and antibacterial response (Lemaitre et al., Cell 

15 86: 973-983, 1996). 

Several studies revealed that mice resistant to endotoxic shock carry natural 
mutations in Tlr4 (Qureshi S. et al., J. Exp. Med 189:615-625, 1999). In humans, a number 
of polymorphic alleles of Tlr4 have been identified. One such relatively common Tlr4 
polymorphism may be associated with an increased risk of septic shock and a decreased 

20 risk of atherosclerosis, but is not associated with increased risk of meningococcal disease. 

Mammalian hsp60 usually is sequestered to the cell interior, in accordance with its 
ability to function as chaperone. However, hsp60 becomes accessible when it is set free 
during necrosis of tissue cells during inflammation or when hsp60 is partially translocated 
to the plasma membrane in response to diverse types of stress. It was therefore proposed 

25 that autologous Hsp60 may serve as a danger antigen to the innate immune system (Chen et 
al. J Immunol. 162:3212-3219, 1999). 

In addition to LPS, self and foreign heat shock protein 60 (Hsp60) activate cells in 
a Tlr4 dependent manner (Ohashi et al., J Immunol. 164:558-561, 2000). Hsp60 has been 
implicated in multiple autoimmime and inflammatory conditions including but not limited 

30 to juvenile rheumatoid arthritis, type 1 diabetes, multiple sclerosis, systemic lupus 
erythematosis, inflammatory bowel disease, Bechet's disease, uveitis, thyroiditis, and 
atherosclerosis (Cohen IR., Annu Rev Immunol. 9:567-589, 1991; Jaattela M., Ann Med. 
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24:249-258, 1992). In many of these conditions, Hsp60 is present in a soluble fonn in the 
circulation and anti-Hsp60 antibodies and T cells can be detected in hi^ titer (Xu et al., 
Circulation 102:14-20, 2000). Innate inunune cell activation by LPS has also been 
implicated in some of these conditions (Balasa et al., Clin hmrnmoL 95:93-98, 2000). 

5 International application WO 01/43691 discloses fragments and antagonists of Hsp60 
capable of inhibiting the Tlr4, for treatment of inflammatory and autoimmune diseases. 

Hgp60 and Tlr4 in Inflammatory and Autoimmune conditions 

Self and foreign Hsp60 activate macrophages in a Tlr4 dependent manner. 

10 Circulating Hsp60 and/or anti-Hsp60 antibodies and T cells can be found in high titer in 
multiple autoimmune and inflammatory conditions such as rheumatoid arthritis, type 1 
diabetes, and atherosclerosis. Hsp60 activation of innate immune cells as well as 
endothelial and muscle cells through Tlr4 may contribute significantly to the pathogenesis 
of these conditions. Thus, there is a need to modulate the role of autologous hsp60 and 

15 possibly of Toll-like receptor complexes involved in certain diseases and in particular in 
the regulation of pro-inflammatory immune responses and to provide molecules which are 
useful to suppress or even prevent such responses. 

Septic Shock 

20 Systemic gram-negative bacterial infections can cause multi-organ failure and 

vascular collapse, a syndrome referred to as septic shock. Despite aggressive antibiotic 
therapy and full supportive care provided in intensive care units, septic shock carries a high 
morbidity and mortality. Lipopolysaccharide (LPS), also referred to as endotoxin, is 
responsible for many of the events leading to septic shock, LPS signals through a surface 

25 receptor complex comprising CD 14 and Toll-like receptor 4 (Tlr4) that is present on 
multiple cell types (Chow et al., J Biol Chem. 274(1 6): 10689- 10692, 1999). 

LPS activation through Tlr4 leads to release of large amounts of pro-inflammatory 
cytokines such as Tumor necrosis factor-a (TNFa), Therapeutic strategies targeting the 
cytokine response to LPS are under investigation in clinical trials for septic shock. A recent 

30 large clinical trial showed a small but significant benefit in treating patients with a TNFa 
monoclonal blocking antibody, thereby reducing mortality. However, many studies using 
anti-TNFa antibodies and soluble TNFa receptor proteins have shown no significant 
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decrease in mortality (Reinhart K et al,, Crit Care Med (7):S121-.125, 2001). Nevertheless, 
the current paradigm in gram-negative septic shock treatment combines antibiotic therapy, 
supportive measures, and suppression of the overwhelming cytokine response to LPS. 

A number of publications (including for example US 6,228,642, WO 93/09813, 
5 EP 0 414 607B1 and WO 95/00103) disclose the use of antisense oligonucleotides 
targeting nucleic acids encoding TNFa. Several groups are developing antisense 
oligonucleotides for the treatment of septic shock targeting either the TNFa gene 
(Ponnappa et al., J Pharmacol Exp Ther. (3):1 129-1 136, 2001) or the CD14 gene (Furusako 
et al.. Acta Med Okayama. (2):105-1 15, 2001). 
10 New therapies are needed for septic shock, which carries a high mortality and 

morbidity. Targeting a component of the LPS receptor complex is an attractive approach 
since LPS signaling drives a cascade of cytokines that cause fever, vascular permeability 
and toxic shock. 

LPS has also been shown to play a critical role in graft- versus-host disease (Cooke 
15 et al. J Clin Invest. 107:1581-9, 2001), and its antagonism with antisense therapy may 
therefore be beneficial after bone marrow transplantation. 

US patent application 2003/0232352 discloses a method of assessing the 
susceptibility of an individual to atherosclerosis and to a method of treating an individual 
identified as being at increased risk. 

20 

Antisense and Sense Nucleic Acids to Engineer Interference 

Antisense technology has been one of the most commonly described approaches in 
protocols to achieve gene-specific interference. Briefly, A nucleotide sequence is placed 
under the control of a promoter in a "reverse orientation" such that transcription yields 

25 RNA which is complementary to normal mRNA transcribed from the "sense" strand of the 
target gene. For antisense strategies, stoichiometric amounts of sifigle-stranded nucleic acid 
complementary to the messenger RNA for the gene of interest are introduced into the cell. 

Antisense has recently become accepted as therapeutic moieties in the treatment of 
disease states. Representative United States patents that disclose the preparation and 

30 methods of such antisense nucleic acids include, but are not limited to U.S. Pat. Nos, 
5,004,810; 5,087,617; 5,098,890; 5,135,917; 5,166,195;and 5,194,428. 
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RNA interference (RNAi) in Gene Silencing 

RNA interference refers to the process of sequence-specific post-traascriptional 
gene silencing in animals mediated by short interfering RNAs (siRNAs) (Fire et al.. Nature 
391:806-811, 1998). The corresponding process in plants is commonly referred to as post- 
5 transcriptional gene silencing or RNA silencing. The process of post-transcriptional gene 
silencing is thought to be an evolutionarily conserved cellular defense mechanism used to 
prevent the expression of foreign genes and is commonly shared by diverse flora and phyla. 
Such protection from foreign gene expression may have evolved in response to the 
presence of double-stranded RNAs (dsRNA) derived from viral infection or the random 

10 integration of transposon elements into a host genome, via a cellular response that 
specifically destroys homologous single-stranded RNA or viral genomic RNA. The 
presence of dsRNA in cells triggers the RNAi response though a mechanism that has yet to 
be fully characterized. The presence of long dsRNAs in cells stimulates the activity of a 
ribonuclease III like enzyme referred to as dicer. Dicer is involved in the processing of the 

15 dsRNA into short pieces of dsRNA known as short interfering RNAs. 

A number of publications disclose methods and oligonucleotide sequences useful 
as siRNA, see for example WO 00/01846, 99/53050, WO 02/055692, WO02/055693, EP 
1 144623, WOOl/92513 and US Patent No. 6,506,559. Intemational PCT Publications Nos. 
WO 99/49029 and WOOl/70949, and AU 4037501 describe certain vectors expressing 

20 siRNA molecules. 

Nowhere in the prior art it is taught or suggested that antisense oligonucleotides or 
double stranded RNA capable of inhibiting the expression of toll-like receptors in general 
or Tir4 in particular, may be used for prevention or treatment of septic shock, inflammatory 
25 disorders or autoimmune diseases. 

SUMMARY OF THE INVENTION 

The present invention discloses compositions and methods for inhibiting the 
30 expression of the Toll-like receptor-4, particularly oligonucleotides, for use in modulating 
the function of nucleic acid molecules encoding Tlr4, ultimately modulating the amount of 
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Tlr4 produced. This is accomplished by providing oligonucleotides which specifically 
interact with nucleic acids encoding Tlr45 thereby inhibiting its expression. 

The present invention is based on part on the unexpected discovery that 
oligonucleotides sequences which inhibit the expression of Tlr4, the innate immxine 

5 receptor for Hsp60 and LPS^ are able to modulate the inflammatory process in septic shock 
as well as in autoimmune conditions where Tlr4 may mediate or contribute to the 
pathogenesis. 

It is an object of the present invention to provide oligonucleotide sequences 
capable of inhibituig the expression of tlr4 gene. These oligonucleotide sequences are 
10 capable of inhibiting the action of any ligand that acts via the Tlr4 receptor complex. 

It is yet another object of the invention to provide modified antisense 
oligonucleotides capable of sequence specific inhibition of Tlr4 expression. 

It is an object of the invention to provide oligonucleotide sequences capable of 
targeting nucleic acids encoding Tlr4. A preferred target is a gene encoding Tlr4. Another 
15 preferred target is an mRNA which encodes Tlr4. The targeting process also includes 
determination of a site or sites within the nucleic acid sequence for the antisense or dsRNA 
interaction to occur such that modulation of gene expression will result. 

It is a further object of the present invention to provide antisense oligonucleotides 
or dsRNA molecules capable of downregulating Tlr4. These molecules can cause transient 
20 immunosuppression by decreasing Ihe cytokine response during sepsis without the side 
effects seen with indiscriminate immunosuppressive medications. 

A finther object of the present invention is to provide pharmaceutical 
compositions comprising oligonucleotide sequences which are capable of binding to the 
Tlr4 gene and inhibiting its expression. 
25 In one embodiment, preferred molecules according to the present invention are 

oligonucleotide antisense molecules derived firom or complementary to the Tlr4 mRNA. 
Preferred antisense oligonucleotide sequences have a length of about 5 to about 50 
nucleotides, more preferred molecules are 8-30 nucleotides long, and most preferred 
oligonucleotides are 15-25 long. Specific preferred molecules are DNA sequences, though 
30 it is explicitly intended that the scope of the present invention encompasses RNA and PNA 
(peptide nucleic acid) molecules, as well as oligonucleotides comprising non-natural 
nucleotide analogs or intemucleotidyl linkages. 
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According to other embodiments preferred molecules are dsRNA oligonucleotides 
corresponding to the Tlr4 mRNA. Preferred dsRNA oligonucleotide sequences have a 
length of about 5 to about 40, more preferred oligonucleotide sequences have a length of 
about 15 to about 25. 

5 According to some embodiments the dsRNA corresponds to a fragment of the 

sequence of the tlr4 gene* The dsRNA according to the present invention is any dsRNA 
which inhibits Tlr4 expression via RNA interference (RNAi). In one embodiment, the 
dsRNAs are synthetic molecules. In another embodiment, an expression vector comprising 
the dsRNAs is used. 

10 Preferred antisense or dsRNA sequences are derived from the human tir4 gene 

sequencedesignated SEQ ID NO:20 [Genebank accession no. AH009665]. 

Most preferably antisense or dsRNA sequences are derived from a human mRNA 
transcript variant, one of which is presented in Figure 1 designated SEQ ID NO:l for the 
himian Tlr4 mRNA transcript 1 [Genebank accession no. NM_138554]. 

15 As exemplified hereinbelow antisense DNA or dsRNA sequences may be derived 

from mouse Tlr4 mRNA, the sequence of which is presented in Figure 2 designated as 
SEQIDNO:2. 

In certain embodiments, the oligonucleotide antisense molecules derived from 
mouse mRNA are selected from SEQ ID NOs:3-6: 
20 5'-TAGGACCGTAAAAGACGTTG-3' designated ODN47, corresponding to bp 24-4 of 
the mouse Tlr4 mRNA denoted herein as SEQ ID NO:3; 

5'-GTGTACAGTAAACAAGTTGT-3' designated ODN48, corresponding to bp 1840- 

1821 of the mouse Tlr4 mRNA denoted herein as SEQ ID NO:4; 

5'-GTTACCGATGTGGTCCTTAT-3' designated ODN49, corresponding to bp 2170-2151 
25 of the mouse Tlr4 mRNA denoted herein as SEQ ID NO:5; 

5'-AGTTATGAGAAGATTTCGTT-3' designated ODN50, corresponding to bp 2870- 
2851 of the mouse Tk4 mRNA denoted herein as SEQ ID NO:6. 

In certain embodiments, the dsRNA oligonucleotide molecules derived from mouse mRNA 
are selected from SEQ ID NOs:7-10: 
30 5'-AAGCTTGAATCCCTGCATAGA-3 corresponding to bp 90-1 10 of the mouse TIr4 
mRNA denoted herein as SEQ ID NO:7 
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5'-AAACAATTGAAGACAAGGCAT-3', corresponding to bp 290-310 of the mouse Tlr4 
mRNA denoted herein as SEQ ID NO:8; 

5'-AATTGGCCTCTCTAGAAAGCT-3% corresponding to bp 428-448 of the mouse Tlr4 
mRNA denoted herein as SEQ ID NO:9; 

5 5'- AACCTAGTACATGTGGATCTT-3' corresponding to bp 544-564 of the mouse TIr4 
mRNA denoted herein as SEQ ID NO: 10; 

In currently more preferred embodiments, the dsRNA oligonucleotide molecules 
are derived firom human mRNA are selected from SEQ ID NOs:l 1-19: 

5'- GTGGCTGTGGAGACAAATCTA-3', corresponding to bp 681-701 of the human Th:4 

10 mRNA denoted herein as SEQ ID NO: 1 1; 

5'- GAATTCCGATTAGCATACTTA-3', corresponding to bp 1 146-1 166 of the human 

Tk4 mRNA denoted herein as SEQ ID NO:12; 

5'- GATTAGCATACTTAGACTACT-3', correspondmg to bp 1 153-1 173 of the human 
Tlr4 mRNA denoted herein as SEQ ID NO:13; 
15 5'- GGATGGCAACATTTAGAATTA-3', corresponding to bp 1278-1298 of the human 
Tk4 mRNA denoted herein as SEQ ID NO: 14; 

5'- GCTTGTCCAGTCTCGAAGTCT-3', corresponding to bp 1693-1713 of the human 
Tlr4 mRNA denoted herein as SEQ ID NO:15; 

5'- GGTAAGGAATGAGCTAGTAAA-3', corresponding to bp 2348-2368 of the human 
20 Tk4 mRNA denoted herein as SEQ ID NO: 1 6; 

5'- GAGGGAATAAATGCTAGACTA-3', corresponding to bp 2976-2996 of the human 
Th:4 mRNA denoted herein as SEQ ID NO: 17; 

5'- GGTCATTCTCGAGCATGTTCT-3', corresponding to bp 3380-3400 of the human 

Tk4 mRNA denoted herein as SEQ ID NO: 18; 
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5'- GTCATTCTCGAGCATGTTCTA-3% corresponding to bp 3381-3401 of the human 
Th:4 mRNA denoted herein as SEQ ID NO:19; 

The genomic sequence of human r/r4, denoted herein as SEQ ID NO:20, is 
presented in Figure 3o 

5 In currently preferred embodiments, the oligonucleotide antisense molecules 

derived from human mRNA are selected from SEQ ID NOs:21-24: 

5'-GCTTCAGTTCCTCACCTAT-3% corresponding to bp 85-67 of the human Tlr4 mRNA 
denoted herein as SEQ ID NO:21; 

5'-TTGGGTTTGGTGTTTCTGC-3% correspondmg to bp 448-430 of the human Tlr4 
1 0 mRNA denoted herein as SEQ ID NO:22; 

5'-TCCCACTTCCTTCCTGCCTCT-3% corresponding to bp 488-461 of the human Tlr4 
mRNA denoted herein as SEQ ID NO:23; 

5'-CCTCATTTCTCCCTTCCTCC-3% corresponding to bp 5877-5858 of the human Th:4 
mRNA denoted herein as SEQ ID NO:24; 

15 According to yet another aspect the present invention provides a pharmaceutical 

composition comprising as an active ingredient an oligonucleotide molecule comprising a 
contiguous nucleotide sequence from a group consisting of a fragment of the genomic 
sequence of tlr4 or an mRNA transcribed therefrom. 

According to some embodiments the pharmaceutical compositions comprise any 
20 phamiaceutically acceptable excipients, diluents or carriers. According to some 
embodiments the oligonucleotide molecules are inserted into constructs. According to 
certain embodiment the oligonucleotide molecules are incorporated into an expression. 

Further aspects of the present invention provides methods for preventing or 
treating a disease or disorder, comprising administering to a subject in need thereof a 
25 pharmaceutical composition comprising a therapeutically effective amount of an 
oligonucleotide for inhibiting Toll-like receptor 4 gene expression wherein the 
oligonucleotide comprises a contiguous nucleotide sequence selected from the group 
consisting of a fragment of the genomic sequence of tlr4 and an mRNA transcribed 
therefrom. 



9 
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The antisense oligonucleotides and dsRNA molecules disclosed in the present 
invention can prolong survival in septic shock and may therefore be beneficial as 
adjunctive therapy in its treatment. 

According to the present invention LPS antagonism with antisense or dsRNA 
5 molecules specific to Tlr4 may be beneficial in the treatment of gram negative bacterial 
sepsis even without the signs and symptoms of shock. The oligonucleotide sequences 
according to the present invention may be also used after bone marrow transplantation, due 
to the known involvement of LPS in graft versus host disease. 

The pro-inflammatory signaling of human hsp60 was foimd to be dependent on a 
10 functional Tlr4. This finding suggests the existence of endogenous ligands of the Tlr4 
complex, and a role of TolHike receptors in innate immune discrimination of normal 
versus stressed or damaged tissue cells. It is therefore another aspect of the invention to 
provide molecules which, by blocking Tlr4, the innate immune receptor for Hsp60, will 
have a beneficial effect in inflammatory diseases shown to involve Hsp60. These diseases 
15 include but are not limited to: arthritis, type 1 diabetes, multiple sclerosis, inflammatory 
bowel disease, and atherosclerosis. 

Accordingly, the present invention relates to a method for the treatment or 
prevention of bacterial septic shock by administering to a subject a pharmaceutical 
composition comprising as an active ingredient oligonucleotide molecules according to the 
20 present invention. 

According to one embodiment the subject of the present invention is of 
mammalian origin. According to some embodiments the subject of the present invention is 
of human origin. 

Use of a molecule according to the present invention for the preparation of 
25 pharmaceutical compositions for treatment or prevention of sepsis, and inflammatory or 
autoinunime diseases, represents another aspect of the invention. 



10 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 Homo sapiens toll-like receptor 4 (Tlr4) mRNA transcript variant 1 designated 
SEQIDNO:l. 

Figure 2 Mus musculus toll-like receptor 4 (Tlr4) mRNA, designated SEQ ID NO:2. 
5 Figure 3 Homo sapiens toll-like receptor 4 (r/r4) genomic sequence designated SEQ ID 
NO:20. 

Figure 4 A graph showing the percent svirvival of mice at 48 hours after intravenous 
challenge with 1 mg LPS. The control, ODN47, ODN48 and ODN49 groups each had 5 
mice/group. The ODN50 group had 4 mice. 
10 Figure 5 A graph showing serum TNFa levels at 90 minutes after LPS challenge. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention employs oligonucleotide molecules for use in modulating 
15 the fimction of nucleic acids encoding Tlr4, ultimately modulating the amount of Tlr4 
produced. This is accomplished by providing oligonucleotides which specifically hybridize 
with nucleic acids encoding Tlr4, preferably hybridizing with mRNA transcripts encoding 
Tlr4, most preferably oligonucleotides specifically hybridizing with hxMnanTlr4. 

For inhibition of septic shock such as that elicited by LPS, Tlr4 may be a more 
20 appropriate target than TNFa since there are likely to be additional cytokines that 
contribute to the complications of sepsis. Suppressing Tlr4 is likely to be safer than CD 14 
suppression since CD 14 participates as a co-receptor of other microbial products, whereas 
Tlr4 is specific for the LPS of gram negative bacteria. 

Targeting an upstream event in the inflammatoiy cascade (the LPS receptor) may 
25 be more effective than inhibiting the high level of a particular circulating cytokine, since 
even partial suppression of the LPS response pathway at the genetic level can significantly 
affect multiple downstream events. Mice lacking functional Tlr4 are resistant to lethal 
doses of LPS. According to the present invention antisense oligonucleotides or dsRNA 
specific for Tlr4 are shown to provide protection firom LPS induced septic shock in a 
30 mxjiine model and therefore may be used for treatment of septic shock in mammals. 
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The pro-inflammatory signaling of human hsp60 was found to be dependent on a 
functional Tlr4. This finding suggests the existence of endogenous ligands of the Tlr4 
complex, and a role of Toll-like receptors in innate immune discrimination of normal 
versus stressed or damaged tissue cells. The present invention provides molecules which, 

5 by blocking Tlr4, the innate inimiuie receptor for Hsp60, will have a beneficial effect in 
inflammatory diseases shown to involve Hsp60. These diseases include but are not limited 
to: arthritis, type 1 diabetes, multiple sclerosis, inflammatory bowel disease, and 
atherosclerosis. Similarly, other endogenous ligands of Toll-like receptors have been 
described and reducing the signaling by these molecules may be beneficial in particular 
10 clinical situations (Beg, AA., Trends Immunol. 23:509-512, 2002). 

Transient immunosuppression caused by downregulating Tlr4 with antisense 
oligonucleotides or dsRNA can decrease the cytokine response during sepsis without the 
side effects seen with indiscriminate immunosuppressive medications. 

According to the present invention, septic shock is blocked by downregulating the 
15 LPS receptor protein Tlr4 using inhibitory oligonucleotide sequences such as an antisense 
oligonucleotide or a dsRNA. Antisense oligonucleotides can suppress the expression of 
particular genes in a sequence-dependent manner both m vitj^o and in vivo. Hybridization of 
antisense oligonucleotides with mRNA interferes with one or more of the normal functions 
of the mRNA. The functions of mRNA to be interfered include all vital functions such as, 
20 for example, translocation of the RNA to the site of protein translation, translation of 
protein from the RNA, splicing of the RNA to yield one or more mRNA species, and 
catalytic activity which may be engaged in by the RNA. Binding of specific protein(s) to 
the RNA may also be interfered with by antisense oligonucleotide hybridization to the 
RNA. 

25 Use of antisense oligonucleotides is well known in the art. For example US 

6,228,642 describes methodology and terminology related to antisense technology. This 
patent is incorporated here in its entirety by reference. The following text includes non- 
limitative examples for such methods and terminology. 

RNA interference refers to the process of sequence-specific post-transcriptional 
30 gene silencing in animals mediated by short interfering RNAs (siRNAs) (Fire et al., Nature 
391:806-811, 1998). The corresponding process in plants is commonly referred to as post- 
12 
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transcriptional gene silencing or RNA silencing. The process of post-transcriptional gene 
silencing is thought to be an evolutionary conserved cellular defense mechanism for 
controlling the expression of alien genes in filamentous fungi, plants, and animals (Hannon 
GJ. Nature. 2002 418:244-251). It is caused by sequence-specific mRNA degradation, and 
5 is mediated by dsRNA homologous in sequence to the target RNA. dsRNA is often a 
byproduct of viral replication or is formed by aberrant transcription from genetic elements 
after random integration in the host genome. dsRNA is processed to duplexes of 21-nt 
small interfering RNAs (siRNAs), which guide sequence-specific degradation of the 
homologous mKNA. The RNAi pathway can be used by the organism to inhibit viral 
10 infections, transposon jumping and to regulate the expression of endogenous genes. 

As used herein, the terms RNA, RNA molecules and RNA fragments are used 
interchangeably to refer to RNA that mediates RNA interference. These terms include 
double-stranded RNA, single-stranded RNA, isolated RNA (partially purified RNA, 
essentially pure RNA, synthetic RNA, recombinantly produced RNA), as well as altered 
15 RNA that differs from naturally occurring RNA by the addition, deletion, substitution 
and/or alteration of one or more nucleotides. 

The relationship between an antisense compound such as an oligonucleotide and 
its complementary nucleic acid target, to which it hybridizes, is commonly referred to as 
"antisense". "Targeting" an oligonucleotide to a chosen nucleic acid target, in the context of 

20 this invention, is a mxxltistep process. The process usually begins with identifying a nucleic 
acid sequence whose function is to be modulated. This may be, as examples, a cellular gene 
(or a gene transcript) whose expression is associated with a particular disease state, or a 
foreign nucleic acid from an infectious agent. In the present invention, the targets are 
nucleic acids encoding Tlr4; in other words, a gene encoding Tlr4, or mRNA expressed 

25 from the Tlr4 gene. mRNA which encodes Tlr4 is presently the preferred target. The 
targeting process also includes determination of a site or sites within the nucleic acid 
sequence for the antisense interaction to occur such that modulation of gene expression 
will result. 

In accordance with this invention, persons of ordinary skill in the art will 
30 understand that messenger RNA includes not only the information to encode a protein 
using the three letter genetic code, but also associated ribonucleotides which form a region 
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known to such persons as the 5 -untranslated region, the 3 -untranslated region, the 5' cap 
region and intron/exon junction ribonucleotides. Thus, oligonucleotides may be formulated 
in accordance with this invention which are targeted wholly or in part to these associated 
ribonucleotides as well as to the informational ribonucleotides. The oligonucleotide may 
5 therefore be specifically hybridizable with a transcription initiation site region, a translation 
initiation codon region, a 5' cap region, an intron/exon jimction, coding sequences, a 
translation termination codon region or sequences in the 5'- or 3 -untranslated region. 

Since, as is known in the art, the translation initiation codon is typically 5*-AUG 
(in traascribed mRNA molecules; 5'-ATG in the corresponding DNA molecule), the 

10 translation initiation codon is also referred to as the "AUG codon," the "start codon" or the 
"AUG start codon." A minority of genes have a translation initiation codon having the 
RNA sequence 5'-GUG, 5'-UUG or 5'-CUG, and 5'-AUA, 5'-ACG and 5'-CUG have been 
shown to function in vivo. Thus, the terms "traaslation initiation codon" and "start codon" 
can encompass many codon sequences, even though the initiator amino acid in each 

15 instance is typically methionine (in eukaryotes) or formylmethionine (prokaryotes). It is 
also known in the art that eukaryotic and prokaryotic genes may have two or more 
alternative start codons, any one of which may be preferentially utilized for translation 
initiation in a particular cell type or tissue, or under a particular set of conditions. In the 
context of the invention, "start codon" and "translation initiation codon" refer to the codon 

20 or codons that are used in vivo to initiate translation of an mRNA molecule transcribed 
from a gene encoding Tlr4, regardless of the sequence(s) of such codons. It is also known 
in the art that a translation termination codon (or "stop codon") of a gene may have one of 
three sequences, i.e., 5'-UAA, 5*-UAG and 5'-UGA (the corresponding DNA sequences are 
5'-TAA, 5'-TAG and 5'-TGA, respectively). The terms "start codon region," "AUG region" 

25 and "translation initiation codon region" refer to a portion of such an mRNA or gene that 
encompasses from about 25 to about 50 contiguous nucleotides in either direction (i.e., 5' 
or 3') from a translation initiation codon. This region is a preferred target region. 

Similarly, the terms "stop codon region" and "translation termination codon 
region" refer to a portion of such an mRNA or gene that encompasses from about 25 to 
30 about 50 contiguous nucleotides in either direction (i.e., 5* or 3*) from a translation 
termination codon. This region is a preferred target region. The open reading frame (ORF) 
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or "coding region," which is known in the art to refer to the region between the translation 
initiation codon and the translation termination codon, is also a region which may be 
targeted effectively. Other preferred target regions include the 5* untranslated region 
(5*UTR), known in the art to refer to the portion of an nxRNA in the 5' direction from the 
5 translation initiation codon, and thus including nucleotides between the 5' cap site and the 
translation initiation codon of an niRNA or corresponding nucleotides on the gene and the 
3' imtranslated region (3'UTR), known in the art to refer to the portion of an mRNA in the 
3' direction from the translation termination codon, and thus including nucleotides between 
the translation termination codon and 3* end of an mRNA or corresponding nucleotides on 
10 the gene. The 5' cap of an mRNA comprises an N7-methylated guanosine residue joined to 
liie 5 -most residue of the mRNA via a 5 --5' triphosphate linkage. The 5' cap region of an 
mRNA is considered to include the 5' cap structure itself as well as the first 50 nucleotides 
adjacent to the cap. The 5' cap region may also be a preferred target region. 

Although some eukaryotic mRNA transcripts are directly translated, many contain 
15 one or more regions, known as "introns," which are excised from a pre-mRNA transcript to 
yield one or more mature mRNAs. The remaining (and liierefore translated) regions are 
known as "exons" and are spliced together to form a continuous mRNA sequence. mRNA 
splice sites, i.e., exon-exon or intron-exon junctions, may also be preferred target regions, 
and are particularly usefiil in situations where aberrant splicing is implicated in disease, or 
20 where an overproduction of a particular mRNA splice product is implicated in disease. 
Aben-ant fusion junctions due to rearrangements or deletions are also preferred targets. 
Targeting particular exons in alternatively spliced mRNAs may also be preferred. It has 
also been found that introns can also be effective, and therefore preferred, target regions for 
antisense compounds targeted, for example, to DNA or pre-mRNA. 

25 Once the target site or sites have been identified, oligonucleotides are chosen 

which are sufficiently complementary to the target, i.e., hybridize sufficiently well and with 
sufficient specificity, to give the desired modulation. 

"Hybridization", in the context of this invention, means hydrogen bonding, also 
known as Watson-Crick base pairing, between complementary bases, usually on opposite 
30 nucleic acid strands or two regions of a nucleic acid strand. Guanine and cytosine are 
examples of complementary bases which are known to form three hydrogen bonds between 
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them. Adeiiine aad thymine are examples of complementary bases which form two 
hydrogen bonds between them. 

"Specifically hybridizable" and "complementary" are terms which are used to 
indicate a sufficient degree of complementarity such that stable and specific binding occiars 
5 between the DNA or RNA target and the oligonucleotide. 

It is to be understood that an oligonucleotide need not be 100% complementary to 
its target nucleic acid sequence to be specifically hybridizable. An oligonucleotide is 
specifically hybridizable when binding of the oligonucleotide to the target interferes with 
the normal function of the target molecule to cause a loss of utility, and there is a sufficient 
10 degree of complementarity to avoid non-specific binding of the oligonucleotide to non- 
target sequences under conditions in which specific binding is desired, i.e., under 
physiological conditions in the case of in vivo assays or therapeutic treatment or;, in the case 
of in vitro Eissays, imder conditions in which the assays are conducted. 

As 21 -nucleotide siRNA duplexes were found to be highly selective and 
15 sequence-specific inhibitors of endogenous genes, the present invention encompasses 
siRNA sequences comprising at least 15 nucleotides, more preferably at least 20 
nucleotides. The present invention, therefore, encompasses double stranded RNA 
(dsRNA), and more particularly small interfering RNA (siRNA), which are known to 
mediate sequence specific mRNA degradation. 

20 Identification of desirable dsRNA sequences to inhibit the human tlr 4 or murine 

gene is done by using various algorithm programs. BLAST search and Fast A sequence 
alignment computer programs are used in combination and sequences are chosen that do 
not display a high degree of homology to other genes in the genome. This strategy avoids 
non-desired gene suppression. 

25 It should be appreciated that the present invention provides siRNA sequences that 

are highly specific to the tlr4 gene and will not cross-react with other murine or hxmaan 
genes. These sequences typically share 100% homology to the target gene or mRNA and 
show low identity of at least four mismatched nucleotides corresponding to other genes in 
the murine and himian genome. Nevertheless it will be appreciated that 100% sequence 

30 identity between the RNA and the target gene is not required to practice the present 
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invention. Thus, the invention has the advantage of being able to tolerate sequence 
variations that might be expected due to genetic mutation, strain polymorphism, or 
evolutionary divergence. 

The overall effect of interference with mRNA function is modulation of 
5 expression of Tlr4. In the context of this invention "modulation" means either inhibition or 
stimulation; i.e., either a decrease or increase in expression. This modulation can be 
measured in ways which are routine in the art, for example by Northern blot assay of 
mRNA expression, or reverse transcriptase PGR, as taught in the examples of the instant 
application or by Westem blot or ELISA assay of protem expression, or by an 
10 immunoprecipitation assay of protein expression. Effects of antisense oligonucleotides of 
the present invention on Tk4 expression can also be determined as taught in the examples 
of the instant application. Inhibition is presently a preferred form of modulation. 

Gene-specific inhibition of gene expression by double-stranded ribonucleic acid 
(dsRNA) is disclosed for example in US Patent No, 6,506,559. This patent is incorporated 
15 herein in its entirety by reference. The following text includes non-limitative examples for 
such methods and terminology. 

The double-stranded structure may be formed by a single self-complementary RNA 
strand or two complementar}^ RNA strands. RNA duplex formation may be initiated either 
inside or outside the cell. The RNA may be introduced in an amount which allows delivery 
20 of at least one copy per cell. Higher doses (e.g., at least 5, 10, 100, 500 or 1000 copies per 
cell) of double-stranded material may yield more effective inhibition; lower doses may also 
be useful for specific applications. Inhibition is sequence-specific in that nucleotide 
sequences corresponding to the duplex region of the RNA are targeted for genetic 
inhibition. 

25 Other alternative nucleic acid molecules that are capable of attenuating gene 

expression include but are not limited to triple-stranded nucleic acids, en2ymatic nucleic 
acid molecules and aptamers. 

Ribozymes are RNA molecules possessing the ability to specifically cleave other 
single-stranded RNA in a manner analogous to DNA restriction endonucleases. Through 
30 the modification of polynucleotide sequences that encode these RNAs, it is possible to 
engineer molecules that recognize specific polynucleotide sequences associated with 
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production of a mutated proto-oncogene or tumor suppressor gene in an RNA molecule 
and cleave it (Cech, J. Amer, Med. Assn., 260:3030, 1988). A major advantage of this 
approach is that, because ribozymes are sequence-specific, only target mRNAs with 
particular mutant sequences are inactivated. 

5 RNA containing a nucleotide sequences identical to a portion of the target gene are 

preferred for inhibition. RNA sequences with insertions, deletions, and single point 
mutations relative to the target sequence have also been found to be effective for inhibition. 
Thus, sequence identity may optimized by sequence comparison and alignment algorithms 
known in the art (see Gribskov and Devereux, Sequence Analysis Primer, Stockton Press, 

10 1991, and references cited therein) and calculating the percent difference between the 
nucleotide sequences by, for example, the Smith- Waterman algorithm as implemented in 
the BESTFIT software program using default parameters (e.g.. University of Wisconsin 
Genetic Computing Group). Greater than 90% sequence identity, or even 100% sequence 
identity, between the inhibitory RNA and the portion of the target gene is preferred. 

15 Alternatively, the duplex region of the RNA may be defined fimctionally as a nucleotide 
sequence that is capable of hybridizing with a portion of the target gene transcript (e.g., 400 
mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C. or 70°C. hybridization for 12-16 
hours; followed by washing). The length of the identical nucleotide sequences may be at 
least 25, 50, 100, 200, 300 or 400 bases. 

20 As disclosed herein, 100% sequence identity between the inhibitory oligonucleotide 

and the target gene is not required to practice the present invention. Thus the invention has 
the advantage of being able to tolerate sequence variations that might be expected due to 
genetic mutation, strain polymorphism, or evolutionary divergence. 

RNA may be synthesized either in vivo or in vitro. Endogenous RNA polymerase 

25 of the cell may mediate transcription in vivo, or cloned RNA polymerase can be used for 
transcription in vivo or in vitro. For transcription fi-om a transgene in vivo or an expression 
construct, a regulatory region (e.g., promoter, enhancer, silencer, splice donor and acceptor, 
polyadenylation) may be used to transcribe the RNA strand (or strands). Inhibition may be 
targeted by specific transcription in an organ, tissue, or cell type; stimulation of an 

30 environmental condition (e.g., infection, stress, temperature, chemical inducers); and/or 
engineering transcription at a developmental stage or age. The RNA strands may or may 
not be polyadenylated; the RNA strands may or may not be capable of being translated into 
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a polypeptide by a cell's translational apparatus. RNA may be chemically or enzymatically 
synthesized by manual or automated reactions. The RNA may be synthesized by a cellular 
RNA polymerase or a bacteriophage RNA polymerase (e.g., T3, T7, SP6). The use and 
production of an expression construct are known in the art (see WO 97/32016; U.S. Pat. 
5 Nos. 5,593,874, 5,698,425, 5,712,135, 5,789,214, and 5,804,693; and the references cited 
therein). If synthesized chemically or by in vitro enzymatic synthesis, the RNA may be 
purified prior to introduction into the cell. For example, RNA can be purified from a 
mixture by extraction with a solvent or resin, precipitation, electrophoresis, 
chromatography, or a combination thereof. Alternatively, the RNA may be used with no or 
10 a minimum of purification to avoid losses due to sample processing. The RNA may be 
dried for storage or dissolved in an aqueous solution. The solution may contain buffers or 
salts to promote annealing, and/or stabilization of the duplex strands. 

RNA may be directly introduced into the cell (i.e., intracellularly); or introduced 
extracellularly into a cavity, interstitial space, into the circulation of an organism, 

15 introduced orally, or may be introduced by bathing an organism in a solution containing the 
RNA. Methods for oral introduction include direct mixing of the RNA with food of the 
organism, as well as engineered approaches in which a species that is used as food is 
engineered to express the RNA, then fed to the organism to be affected. Physical methods 
of introducing nucleic acids, for example, injection directly into the cell or extracellular 

20 injection into the organism, may also be used. Vascular or extravascular circulation, the 
blood or lymph system, the phloem, the roots, and the cerebrospinal fluid are sites where 
the RNA may be introduced. 

Any cell that undergoes RNAi can be employed in methods of the invention. The 
cell may be a eukaryotic cell. Typically, the cell is of animal origin and can be a stem cell 

25 or somatic cells. Suitable animal cells can be of, for example, mammalian and avian origin. 
Examples of mammalian cells include human, bovine, ovine, porcine, murine, rabbit cells. 
The cell may be an embryonic cell, bone marrow stem cell or other progenitor cell. Where 
the cell is a somatic cell, the cell can be, for example, an epithelial cell, fibroblast, smooth 
muscle cell, blood cell (including a hematopoietic cell, red blood cell, T-cell, B-cell, etc.), 

30 tumor cell, cardiac muscle cell, macrophage, dendritic cell, neuronal cell (e.g., a glial cell 
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or astrocyte), or pathogen-infected cell (e.g., those uifected by bacteria, viruses, virusoids, 
parasites, or prions). 

An expression vector comprising an siRNA may be used to introduce the siRNA 
into a cell. These expression vectors can be used either in vitro or in vivo and cells can be 
5 stably transfected ex vivo prior to transfer to a host. siRNA translated from a vector forms 
a stem and loop structure that is recognized inside the cell by a protein complex. The 
elements required in the vector include first and foremost an appropriate promoter for 
translation of the DNA to RNA in the selected system. Most vectors currently employ the 
RNA polymerase in promoters U6 or HI since RNA polymerase HI initiates synthesis at a 

10 defined distance from these promoters and terminates when a string of 4-5 uridines is 
encoxmtered. RNAi activation in vivo can be produced by using a vector which expresses 
an siRNA mader control of inducible or tissue-specific promoters thereby allowing directed 
and controlled knockout of genes in tissues of interest and/or at a controlled time (Lois C, 
et al.. Science. 295:868-872, 2002). Active short interfering RNAs can also be produced 

1 5 under the control of the tRNA (V al) promoter or polymerase 11 (pol II) promoter. 

"RNAi expression vector" (also referred to herein as a "dsRNA-encoding 
plasmid") refers to a replicable nucleic acid constructs used to express (transcribe) RNA 
which produces siRNA moieties in the cell in which the construct is expressed. Such 
vectors include a transcriptional vmit comprising an assembly of (1) genetic element(s) 

20 having a regulatory role in gene expression, for example, promoters, operators, or 
enhancers, operatively linked to (2) a "coding" sequence which is transcribed to produce a 
double-stranded RNA (two RNA moieties that anneal in the cell to form an siRNA, or a 
single hairpin RNA which can be processed to an siRNA), and (3) appropriate transcription 
initiation and termination sequences. The choice of promoter and other regulatory elements 

25 generally varies according to the intended host cell. In general, expression vectors of utility 
in recombinant DNA techniques are often in the form of "plasmids" which refer to circular 
double stranded DNA loops which^ in their vector form are not bound to the chromosome. 
In the present specification, "plasmid" and "vector" are used interchangeably as the plasmid 
is the most commonly used form of vector. In the expression vectors, regulatory elements 

30 controlling transcription can be generally derived from mammalian, microbial, viral or 
insect genes. The ability to replicate in a host, usually conferred by an origin of replication, 
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and a selection gene to facilitate recognition of transformants may additionally be 
incorporated. 

The term "tissue specific" means a promoter which is not restricted in activity to a 
single tissue type but which nevertheless shows selectivity in that they may be active in one 
5 group of tissues and less active or silent in another group. 

The expression level of an oligonucleotide sequence of interest under the control 
of a particular promoter may be modulated by manipulating the promoter region. For 
example, different domains within a promoter region may possess different gene regulatory 
activities. The roles of these different regions are typically assessed using vector constructs 
10 having different variants of the promoter with specific regions deleted (that is, deletion 
analysis). This approach may be used to identify, for example, the smallest region capable 
of conferring tissue specificity. In most instances, these promoters may be isolated as 
convenient restriction digestion fragments suitable for cloning in a selected vector. 
Alternatively, promoter fragments may be isolated using the polymerase chain reaction. 
15 Cloning of the amplified firagments may be facilitated by incorporating restriction sites at 
the 5' end of the primers. 

For RNA-mediated inhibition in a cell line or whole organism, gene expression is 
conveniently assayed by use of a reporter or drug resistance gene whose protein product is 
easily assayed. Such reporter genes include acetohydroxyacid synthase (AHAS), alkaline 

20 phosphatase (AP), beta galactosidase (LacZ), beta glucoronidase (GUS), chloramphenicol 
acetyltransferase (CAT), green fluorescent protein (GFP), horseradish peroxidase (HRP), 
luciferase (Luc), nopaline synthase (NOS), octopine synthase (OCS), and derivatives 
thereof. Multiple selectable markers are available that confer resistance to ampicillin, 
bleomycin, chloramphenicol, gentamycin, hygromycin, kanamycin, lincomycin, 

25 methotrexate, phosphinothricin, puromycin, and tetracyclin. 

Vectors that may include the above described components exist publicly and 
commercially. Examples for in viti'o RNAi vector-based system include pSuper 
(Brummelkamp TR et al., Science 296:550-553, 2002) and pSilencer (Sui G. et al., Proc 
Natl Acad Sci 99:5515-5520, 2002) which generate long-term loss-of-fimction phenotypes 
30 in mammalian cells. 
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According to certain preferred embodiments of the present invention, llie siRNA 
directed against the TLR4 target sequences is inserted into a Lentiviral vector. 

Lentivirus vectors are part of a larger group of retroviral vectors. A detailed list of 
lentiviruses may be found in Coffin et al ("Retroviruses" 1997 Cold Spring Harbour 
5 Laboratory Press Eds: J M Coffin, S M Hughes, H E Varmus pp 758-763). hi brief, 
lentiviruses can be divided into primate and non-primate groups. Examples of primate 
lentiviruses include but are not limited to: the human immunodeficiency virus (HIV), the 
causative agent of human auto-immunodeficiency syndrome (AIDS), and the simian 
unmunodeficiency virus (SIV). The non-primate lentiviral group includes the prototype 
10 "slow virus" visna/maedi virus (VMV), as well as the related caprine arthritis-encephalitis 
virus (CAEV), equine infectious anaemia virus (EIAV) and the more recently described 
feline immimodeficiency virus (FIV) and bovine inmiunodeficiency virus (BIV). 
Lentiviruses have key advantages over other gene delivery systems. 

A lentiviral or lentivirus vector, as used herein, is a vector which comprises at 
15 least one component part derivable fi-om a lentivirus. Preferably, that component part is 
involved in the biological mechanisms by which the vector infects cells, expresses genes or 
is replicated. The term "derivable" is used in its normal sense as meaning the sequence 
need not necessarily be obtained fi-om a retrovirus but instead could be derived therefi-om. 
By way of example, the sequence may be prepared synthetically or by use of recombinant 
20 DNA techniques. 

Lentiviruses infect multiple cell types and efficiently infect non-dividing cells. 
Genes expressed firom lentiviruses are not silenced during development therefore 
transgenic animals can be generated by lentiviral infection of embryonic stem cells or 
embryos (Lois C et al., Science. 295:868-72, 2002), In addition, lentiviral vectors enable 
25 very stable long-term expression of the gene of interest. 

Physical methods of introducing nucleic acids include injection of a solution 
containing the RNA, bombardment by particles covered by the RNA, soaking the cell or 
organism in a solution of the RNA, or electroporation of cell membranes in the presence of 
the RNA. A viral construct packaged into a viral particle would accomplish both efficient 
30 introduction of an expression construct into the cell and transcription of RNA encoded by 
the expression construct. Other methods known in the art for introducing nucleic acids to 
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cells may be used, such as lipid-mediated carrier transport, chemical-mediated transport, 
such as calcium phosphate, and the like. Thus the RNA may be introduced along with 
components that perform one or more of the following activities: enhance RNA uptake by 
the cell, promote annealing of the duplex strands, stabilize the annealed strands, or other- 
5 wise increase inhibition of the target gene. 

The oligonucleotides of this invention can be used in diagnostics, therapeutics, 
prophylaxis, as research reagents and in kits. Since the oligonucleotides of this invention 
hybridize to nucleic acids encoding Tlr4, sandwich, colorimetric and other assays can 
easily be constructed to exploit this fact. Provision of means for detecting hybridization of 
10 oligonucleotides with the Tlr4 gene or mRNA can routinely be accomplished. Such 
provision may include enzyme conjugation, radiolabelling or any other suitable detection 
systems. Kits for detecting the presence or absence of Tlr4 may also be prepared. 

The present invention is also suitable for diagnosing abnormal inflammatory states 
in tissue or other samples from patients suspected of having an inflammatory disease 

1 5 associated with hsp60. The ability of the oligonucleotides of the present invention to inhibit 
inflammatory processes may be employed to diagnose such states. A number of assays may 
be formulated employing the present invention, which assays will commonly comprise 
contacting a tissue sample with an oligonucleotide of the invention under conditions 
selected to permit detection and, usually, quantitation of such inhibition. In the context of 

20 this invention, to "contact" tissues or cells with an oligonucleotide or oligonucleotides 
means to add the oligonucleotide(s), usually in a liquid carrier, to a cell suspension or 
tissue sample, either in vitro or ex vivo, or to administer the oligonucleotide(s) to cells or 
tissues within an animal. 

The oligonucleotides of this invention may also be used for research purposes. 

25 Thus, the specific hybridization exhibited by the oligonucleotides may be used for assays, 
ptirifications, cellular product preparations and in other methodologies which may be 
appreciated by persons of ordinary skill in the art. 

In the context of this invention, the term "oligonucleotide" refers to an oligomer or 
polymer of ribonucleic acid or deoxyribonucleic acid. This term includes oligonucleotides 
30 composed of naturally-occurring nucleobases, sugars and covalent intersugar (backbone) 
linkages as well as oligonucleotides having non-naturally-occurring portions which 
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function similarly. Such modified or substituted oligonucleotides are often preferred over 
native forms because of desirable properties such as, for example, enhanced cellxilar 
uptake, enhanced binding to target and increased stability in the presence of nucleases. In 
addition, the oligonucleotide sequences may contain one or more nucleotide substitution 
5 which does not render the efficiency of hybridization to the target sequence. 

The antisense compoimds in accordance with this invention preferably comprise 
from about 5 to about 50 nucleobases. Particularly preferred are antisense oligonucleotides 
comprising from about 8 to about 30 nucleobases (i.e. from about 8 to about 30 linked 
nucleosides). Most preferably are antisense oligonucleotides comprising from about 15 to 

10 about 25 nucleobases. As is known in the art, a nucleoside is a base-sugar combination. 
The base portion of the nucleoside is normally a heterocyclic base. The two most common 
classes of such heterocyclic bases are the purines and the pyrimidines. Nucleotides are 
nucleosides that further include a phosphate group covalently linked to the sugar portion of 
the nucleoside. For those nucleosides that include a pentofijranosyl sugar, the phosphate 

15 group can be linked to either the 2', 3* or 5' hydroxyl moiety of the sugar. Li forming 
oligonucleotides, the phosphate groups covalently link adjacent nucleosides to one another 
to form a linear polymeric compound. Li tum the respective ends of this linear polymeric 
structure can be further joined to form a circular structure, however, open linear structures 
are generally preferred. Within the oligonucleotide structure, the phosphate groups are 

20 commonly referred to as forming the intemucleoside backbone of the oligonucleotide. The 
normal linkage or backbone of RNA and DNA is a 3' to 5' phosphodiester linkage. 

Specific examples of preferred antisense compounds usefiil in this invention 
include oligonucleotides containing modified backbones or non-natural intemucleoside 
linkages. As defined in this specification, oligonucleotides having modified backbones 
25 include those that retain a phosphorus atom in the backbone and those that do not have a 
phosphorus atom in the backbone. For the purposes of this specification, and as sometimes 
referenced in the art, modified oligonucleotides that do not have a phosphorus atom in their 
intemucleoside backbone can also be considered to be oligonucleosides. 

Preferred modified oligonucleotide backbones include, for example, 
30 phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters, 
aminoalkylphosphotriesters, methyl and other alkyl phosphonates including 3'-alkylene 
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phosphonates and chiral phosphonates, phosphinates, phosphoramidates including 3 '-amino 
phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates, 
thionoalkylphosphonates, fhionoalkylphosphotriesters, and boranophosphates having 
normal 3*-5' linkages, 2-5* linked analogs of these, and those having inverted polarity 
5 wherein the adjacent pairs of nucleoside xinits ai'e linked 3-5' to 5-3' or 2'-5' to 5-2'. 
Various salts, mixed salts and free acid forms are also included. 

Representative United States patents that teach the preparation of the above 
phosphorus-containing linkages include, but are not limited to U.S. Pat. Nos. 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897; 5,264,423; 5,276,019; 5,278,302; 
10 5,286,717; 5,321,131; 5,399,676; 5,405,939; 5,453,496; 5,455,233; 5,466,677; 5,476,925; 
5,519,126; 5,536,821; 5,541,306; 5,550,111; 5,563,253; 5,571,799; 5,587,361; and 
5,625,050. 

Preferred modified oligonucleotide backbones that do not include a phosphorus 
atom therein have backbones that are formed by short chain alkyl or cycloalkyl 

15 intemucleoside linkages, mixed heteroatom and alkyl or cycloalkyl intemucleoside 
linkages, or one or more short chain heteroatomic or heterocyclic intemucleoside linkages. 
These include those having morpholino linkages (formed in part from the sugar portion of 
a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl 
and thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones; alkene 

20 containing backbones; sxilfamate backbones; methyleneimino and methylenehydrazino 
backbones; sulfonate and sxilfonamide backbones; amide backbones; and others having 
mixed N, O, S and CHa component parts. 

Representative United States patents that teach the preparation of the above 
oligonucleosides include, but are not limited to, U.S. Pat. Nos. 5,034,506; 5,166,315; 
25 5,185,444; 5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264,564; 5,405,938; 5,434,257; 
5,466,677; 5,470,967; 5,489,677; 5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,610,289; 
5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437; 
and 5,677,439. 

In other preferred oligonucleotide mimetics, both the sugar and the intemucleoside 
30 linkage, i.e., the backbone, of the nucleotide units are replaced with novel groups. The base 
units are maintained for hybridization with an appropriate nucleic acid target compound. 
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One such oligomeric compound, an oligonucleotide mimetic that has been shown to have 
excellent hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA 
compounds, the sugar-backbone of an oligonucleotide is replaced with an amide containing 
backbone, in particular an aminoethylglycine backbone. The nucleobases are retained and 

5 are boimd directly or indirectly to aza nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the preparation of PNA compounds include, 
but are not limited to, U.S. Pat. Nos.: 5,539,082; 5,714,331; and 5,719,262. Further 
teaching of PNA compounds can be foimd in Nielsen et al. (Science, 1991, 254, 1497- 
1500). 

10 Most preferred embodiments of the invention are oligonucleotides with 

phosphorothioate backbones and oligonucleosides with heteroatom backbones, and in 
particular -CH2-NH-O-CH2-, -CH2-N(CH3)-0-CH2" [known as a methylene (methylimino) 
or MMI backbone], -CH2 0-N(CH3) CH2 -CH2-N(CH3)-N(CH3)-CH2 - and -0-N(CH3)- 
CH2 -CH2 - [wherein tiie native phosphodiester backbone is represented as -O-P-O-CH2-] 

15 of the above referenced U.S. Pat. No. 5,489,677, and the amide backbones of the above 
referenced U.S. Pat. No. 5,602,240. Also preferred are oligonucleotides having morpholino 
backbone structures of the above-referenced U.S. Pat. No. 5,034,506. 

Modified oligonucleotides may also contain one or more substituted sugar 
moieties. Preferred oligonucleotides comprise one of the following at the 2' position: OH; 

20 F; 0-, S-, or N-alkyl, O-alkyl-O-alkyl, 0-, S-, or N-alkenyl, or 0-, S- or N-alkynyl, wherein 
the alkyl, alkenyl and alkynyl may be substituted or unsubstituted CI to CIO aUcyl or C2 to 
CIO alkenyl and alkynyl. Particularly preferred are 0[(CH2)n O]^, CH3, 0(CH2)n OCH3, 
0(CH2)2 ON(CH3)2, 0(CH2)„ NH2, 0(CH2)n CH3, 0(CH2)n ONH2, and 0(CH2)n 
ON[(CH2)n CH3)]25 where n and m are from 1 to about 10. Otiier preferred oligonucleotides 

25 comprise one of the following at the 2' position: CI to CIO lower alkyl, substituted lower 
alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, CI, Br, CN, CF3, OCF3, 
SOCH3, SO2 CH3, ONO2, NO2, N3, NH2, heterocycloalkyl, heterocycloalkaryl, 
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter 
group, an intercalator, a group for improving the pharmacokinetic properties of an 

30 oligonucleotide, or a group for improving the pharmacodynamic properties of an 
oligonucleotide, and other substituents having similar properties. A preferred modification 
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includes 2'-methoxyethoxy (2'-0-CH2 CH2 OCH3, also known as 2 -0-(2-methoxyethyl) or 
2'-MOE) (Martin et al., Helv. Chim. Acta 1995, 78, 486-504) i.e., an alkoxyalkoxy group. 
Other preferred modifications include 2'-methoxy (2'-0-CH3), 2 -aminopropoxy (2 -OCH2 
CH2 CH2 NH2) and 2'-fluoro (2'-F). Similar modifications may also be made at other 
5 positions on the oligonucleotide, particularly the 3' position of the sugar on the 3' temiinal 
nucleotide or in 2-5' linked oligonucleotides and the 5' position of 5' terminal nucleotide. 
Oligonucleotides may also have sugar mimetics such as cyclobutyl moieties in place of the 
pentofiaranosyl sugar. Representative United States patents that teach the preparation of 
such modified sugars structures include, but are not limited to, U.S. Pat. Nos. 4,981,957; 
10 5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785; 5,519,134; 
5,567,811; 5,576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 
5,658,873; 5,670,633; and 5,700,920. 

Oligonucleotides may also include nucleobase (often referred to in the art simply 
as "base") modifications or substitutions. As used herein, "xmmodified" or "natural" 

15 nucleobases include the purine bases adenine (A) and guanine (G), and the pyrimidine 
bases thymine (T), cytosine (C) and uracil (U). Modified nucleobases include other 
synthetic and natural nucleobases such as 5-methylcytosine (5-me-C or m5c), 5- 
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine 

20 and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5- 
propynyl uracil and cj^osine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4- 
thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted 
adenines and guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other 5- 
substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 

25 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-dea2:aguanine and 3- 
deazaadenine. Further nucleobases include those disclosed in U.S. Pat. No. 3,687,808, 
those disclosed in the Concise Encyclopedia Of Polymer Science And Engineering 1990, 
pages 858-859, Kroschwitz, J. L, ed. John Wiley & Sons, those disclosed by Englisch et al. 
(Angewandte Chemie, International Edition 1991, 30, 613-722), and those disclosed by 

30 Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., eds., Antisense Research and Applications 
1993, ORG Press, Boca Raton, pages 289-302. 
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Certain of these nucleobases are particxilarly useful for increasing the binding 
affinity of the oligomeric compounds of the invention. These include 5-substituted 
pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted purines, including 2- 
aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-Methylcytosine 
5 substitutions have been shown to increase nucleic acid duplex stability by 0.6-L2.degree. 
C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., eds., Antisense Research and 
Applications 1993, CRC Press, Boca Raton, pages 276-278) and are presently preferred 
base substitutions, even more particularly when combined with 2'-0-methoxyethyl sugar 
modifications. 

10 Representative Uiaited States patents that teach the preparation of certain of the 

above noted modified nucleobases as well as other modified nucleobases include, but are 
not limited to, the above noted U.S. Pat. Nos. 3,687,808, as well as U.S. Pat. No. 
4,845,205; 5,130,302; 5,134,066; 5,175,273; 5,367,066; 5,432,272; 5,457,187; 5,459,255; 
5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121, 5,596,091; 5,614,617; 

15 and 5,681,941. 

Another modification of the oligonucleotides of the invention involves chemically 
linking to the oligonucleotide one or more moieties or conjugates which enhance the 
activity, cellular distribution or cellular uptake of the oligonucleotide. Such moieties 
include but are not limited to lipid moieties such as a cholesterol moiety (Letsinger et al., 

20 Proc. Natl. Acad. Sci. USA 1989, 86, 6553-6556), cholic acid (Manoharan et al., Bioorg. 
Med. Chem. Lett. 1994, 4, 1053-1059), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et 
al., Ann. N.Y. Acad. Sci. 1992, 660, 306-309; Manoharan et al., Bioorg. Med. Chem. Let. 
1993, 3, 2765-2770), a thiocholesterol (Oberhauser et al., Nucl. Acids Res. 1992, 20, 533- 
538), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al., 

25 EMBO J. 1991, 10, 1111-1118; Kabanov et al., FEBS Lett. 1990, 259, 327-330; 
Svinarchuk et al., Biochimie 1993, 75, 49-54), a phospholipid, e.g., di-hexadecyl-rac- 
glycerol or triethylammonium 1 ,2-di-0-hexadecyl-rac-glycero-3-H-phosphonate 
(Manoharan et al., Tetrahedron Lett. 1995, 36, 3651-3654; Shea et al, Nucl. Acids Res. 
1990, 18, 3777-3783), a polyamine or a polyethylene glycol chain (Manoharan et al., 

30 Nucleosides & Nucleotides 1995, 14, 969-973), or adamantane acetic acid (Manoharan et 
al.. Tetrahedron Lett. 1995, 36, 3651-3654), a palmityl moiety (Mishra et al., Biochim. 
Biophys. Acta 1995, 1264, 229-237), or an octadecylamine or hexylamino-carbonyl- 
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oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther. 1996, 277, 923-937). 
Representative United States patents that teach the preparation of such oligonucleotide 
conjugates include, but are not limited to, U.S. Pat Nos. 4,828,979; 4,948,882; 5,218,105; 
5,525,465; 5,541,313; 5,545,730; 5,552,538; 5,578,717, 5,580,731; 5,580J31; 5,591,584; 
5 5,109,124; 5,118,802; 5,138,045; 5,414,077; 5,486,603; 5,512,439; 5,578,718; 5,608,046; 
4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 4,824,941; 4,835,263; 4,876,335; 
4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 5,112,963; 5,214,136; 
5,245,022; 5,254,469; 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241, 
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 5,567,810; 
10 5,574,142; 5,585,481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 
5,688,941. 

The present invention also includes oligonucleotides which are chimeric 
oligonucleotides. "Chimeric" oligonucleotides or "chimeras," in the context of this 
invention, are oligonucleotides which contain two or more chemically distinct regions, 

15 each made up of at least one nucleotide. These oligonucleotides typically contain at least 
one region wherein the oligonucleotide is modified so as to confer upon the oligonucleotide 
increased resistance to nuclease degradation, increased cellular uptake, and/or increased 
binding afBnity for the target nucleic acid. An additional region of title oligonucleotide may 
serve as a substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA hybrids. By 

20 way of example, RNase H is a cellular endonuclease which cleaves Ihe RNA strand of an 
RNArDNA duplex. Activation of RNase H, therefore, results in cleavage of the RNA 
target, thereby greatly enhancing the efficiency of antisense inhibition of gene expression. 
Cleavage of the RNA target can be routinely detected by gel electrophoresis and, if 
necessary, associated nucleic acid hybridization techniques known in the art. This RNAse 

25 H-mediated cleavage of the RNA target is distinct from the use of ribozymes to cleave 
nucleic acids. Ribozymes are not comprehended by the present invention. 

Examples of chimeric oligonucleotides include but are not limited to "gapmers," 
in which three distinct regions are present, normally with a central region flanked by two 
regions which are chemically equivalent to each other but distinct from the gap. A 

30 preferred example of a gapmer is an oligonucleotide in which a central portion (tihte "gap") 
of the oligonucleotide serves as a substrate for RNase H and is preferably composed of 2 - 
deoxynucleotides, while the flanking portions (the 5' and 3' "wings") are modified to have 
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greater affinity for the target RNA molecule but are unable to support nuclease activity 
(e.g., fluoro- or 2*-0-methoxyethyl-substituted). Chimeric oligonucleotides are not limited 
to those with modifications on the sugar, but may also include oligonucleosides or 
oligonucleotides with modified backbones, e.g., with regions of phosphorothioate and 
5 phosphodiester backbone linkages. Other chimeras include "wingmers," also knomi in the 
art as "hemimers," that is, oligonucleotides with two distinct regions. In a preferred 
example of a wingmer, the 5' portion of the oligonucleotide serves as a substrate for RNase 
H and is preferably composed of 2 -deoxynucleotides, whereas the 3' portion is modified in 
such a fashion so as to have greater affitiity for the target RNA molecule but is unable to 

10 support nuclease activity (e.g., 2 -fluoro- or 2 -O-methoxyethyl-substituted), or vice-versa. 
In one embodiment, the oligonucleotides of the present invention contaui a 2 -O- 
methoxyethyl (2 -O-CH2 CH2 OCH)3 modification on the sugar moiety of at least one 
nucleotide. This modification has been shown to increase both affinity of the 
oligonucleotide for its target and nuclease resistance of the oligonucleotide. According to 

15 the invention, one, a plurality, or all of the nucleotide subunits of the oligonucleotides of 
the invention may bear a 2*-0-methoxyethyl (-O-CH2 CH2 OCH3) modification. 
Oligonucleotides comprising a plurality of nucleotide subunits having a 2 -O-methoxyethyl 
modification can have such a modification on any of the nucleotide subunits within the 
oligonucleotide, and may be chimeric oligonucleotides. Aside from or in addition to 2 -O- 

20 methoxyethyl modifications, oligonucleotides containing other modifications which 
enhance antisense efficacy, potency or target affinity are also preferred. Chimeric 
oligonucleotides comprising one or more such modifications are presently preferred. 

The oligonucleotides used in accordance with this invention may be conveniently 
and routinely made through the well-known technique of solid phase synthesis. Equipment 

25 for such synthesis is sold by several vendors including Applied Biosystems. Any other 
means for such synthesis may also be employed; the actual synthesis of the 
oligonucleotides is well within the talents of the routine experimenter. It is well known to 
use similar techniques to prepare oligonucleotides such as the phosphorothioates and 2'- 
alkoxy or 2'-alkoxyalkoxy derivatives, including 2'-0-methoxyethyl oligonucleotides 

30 (Martin, P., Helv. Chim. Acta 1995, 78, 486-504). It is also well known to use similar 
techniques and commercially available modified amidites and controlled-pore glass (CPG) 
products such as biotin, fluorescein, acridine or psoralen-modified amidites and/or CPG 
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(available from Glen Research, Sterling, Va.) to synthesize fluorescently labeled, 
biotinylated or other conjugated oligonucleotides. 

The antisense compounds of the present invention include bioequivalent 
5 compoimds, including pharmaceutically acceptable salts and prodrugs. This is intended to 
encompass any pharmaceutically acceptable salts, esters, or salts of such esters, or any 
other compound which, upon administration to an animal including a human, is capable of 
providing (directly or indirectly) the biologically active metabolite or residue thereof. 
Accordingly, for example, the disclosure is also drawn to pharmaceutically acceptable salts 
10 of the nucleic acids of the invention and prodrugs of such nucleic acids. "Pharmaceutically 
acceptable salts" are physiologically and pharmaceutically acceptable salts of the nucleic 
acids of the invention: i.e., salts that retain the desired biological activity of the parent 
compoxmd and do not impart xmdesired toxicological effects thereto (see, for example, 
Berge et al., "Pharmaceutical Salts," J. of Pharma Sci. 1977, 66, 1-19). 

15 For oligonucleotides, examples of pharmaceutically acceptable salts include but 

are not limited to (a) salts formed with cations such as sodium, potassium, ammonivim, 
magnesium, calcium, polyamines such as spemiine and spermidine, etc.; (b) acid addition 
salts formed with inorganic acids, for example hydrochloric acid, hydrobromic acid, 
sulfuric acid, phosphoric acid, nitric acid and the like; salts formed with organic acids such 

20 as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric 
acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic acid, palmitic 
acid, alginic acid, polyglutamic acid, naphthalenesulfonic acid, methanesulfonic acid, p- 
toluenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic acid, and the like; and 
(d) salts formed from elemental anions such as chlorine, bromine, and iodine. 

25 The oligonucleotides of the invention may additionally or alternatively be 

prepared to be delivered in a "prodrug" form. The term "prodrug" indicates a therapeutic 
agent that is prepared in an inactive form that is converted to an active form (i.e., drug) 
within the body or cells thereof by the action of endogenous en2ymes or other chemicals 
and/or conditions. In particular, prodrug versions of the oligonucleotides of the invention 

30 are prepared as SATE [(S-acetyl-2-tfaioethyl) phosphate] derivatives according to the 
methods disclosed in WO 93/24510. 
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For therapeutic or prophylactic treatment, oligonucleotides are administered in 
accordance with this invention. Oligonucleotide compounds of the invention may be 
formulated in a pharmaceutical composition, which may include pharmaceutically 

acceptable carriers, thickeners, diluents, buffers, preservatives, siorface active agents, 
5 neutral or cationic lipids, lipid complexes, liposomes, penetration enhancers, carrier 
compounds and other pharmaceutically acceptable carriers or excipients and the like in 
addition to the oligonucleotide. Such compositions and formulations are comprehended by 
the present invention. 

Pharmaceutical compositions comprising the oligonucleotides of the present 

10 invention may include penetration enhancers in order to enhance the alimentary delivery of 
the oligonucleotides. Penetration enhancers may be classified as belonging to one of five 
broad categories, i.e., fatty acids, bile salts, chelating agents, surfactants and non- 
surfactants (Lee et al.. Critical Reviews in Therapeutic Drug Carrier Systems 1991, 8, 91- 
192; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems 1990, 7, 1-33). One 

15 or more penetration enhancers from one or more of these broad categories may be included. 
Various fatty acids and their derivatives which act as penetration enhancers include, for 
example, oleic acid, lauric acid, capric acid, myristic acid, palmitic acid, stearic acid, 
linoleic acid, linolenic acid, dicaprate, tricaprate, recinleate, monoolein (a.k.a. 1- 
monooleoyl-rac-glycerol), dilaurin, caprylic acid, arachidonic acid, glyceryl 1-monocaprate, 

20 l-dodecylazacycloheptan-2-one, acylcamitines, acylcholines, mono- and di-glycerides and 
physiologically acceptable salts thereof (i.e., oleate, laurate, caprate, myristate, palmitate, 
stearate, linoleate, etc.) (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems 
1991, page 92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems 1990, 7, 
1; El-Hariri et al., J. Pharm. Pharmacol. 1992 44, 651-654). 

25 The physiological roles of bile include the facilitation of dispersion and absorption 

of lipids and fat-soluble vitajtnins (Bnmton, Chapter 38 In: Goodman & Oilman's The 
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al., eds., McGraw-Hill, New 
York, N.Y., 1996, pages 934-935). Various natural bile salts, and their synthetic 
derivatives, act as penetration enhancers. Thus, the term "bile salt" includes any of the 

30 naturally occurring components of bile as well as any of their synthetic derivatives. 
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Complex fonnulations comprising one or more penetration enhancers may be 
used. For example, bile salts may be used in combination with fatty acids to make complex 
formulations. 

Chelating agents include, but are not limited to, disodium 
5 ethylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g., sodium salicylate, 5- 
methoxysalicylate and homovanilate), N-acyl derivatives of collagen, laureth-9 and N- 
amino acyl derivatives of beta-diketones (enamines)(Lee et al.. Critical Reviews in 
Therapeutic Drug Carrier Systems 1991, page 92; Muranishi, Critical Reviews in 
Therapeutic Drug Carrier Systems 1990, 7, 1-33; Buur et al., J. Control Rel. 1990, 14, 43- 

10 51). Chelating agents have the added advantage of also serving as DNase inhibitors. 

Surfactants include, for example, sodiiim lauryl sulfate, polyoxyethylene-9-lauryl 
ether and polyoxyethylene-20-cetyl ether (Lee et al.. Critical Reviews in Therapeutic Drug 
Carrier Systems 1991, page 92); and perfluorochemical emulsions, such as FC-43 
(Takaliashi et al., J. Pharm. Phamacol. 1988, 40, 252-257). 

15 Non-surfactants include, for example, imsaturated cyclic ureas, 1-alkyl- and 1- 

alkenylazacyclo-alkanone derivatives (Lee et al., Critical Reviews in Therapeutic Drug 
Carrier Systems 1991, page 92); and non-steroidal anti-inflammatory agents such as 
diclofenac sodium, indomethacin and phenylbutazone (Yamashita et al., J. Pharm. 
Pharmacol. 1987, 39, 621-626). 

20 As used herein, "carrier compound" refers to a nucleic acid, or analog thereof, 

which is inert (i.e., does not possess biological activity per se) but is recognized as a 
nucleic acid by in vivo processes that reduce the bioavailability of a nucleic acid having 
biological activity by, for example, degrading the biologically active nucleic acid or 
promoting its removal from circulation. The coadministration of a nucleic acid and a 

25 carrier compoimd, typically with an excess of the latter substance, can result in a 
substantial reduction of the amoxmt of nucleic acid recovered in the liver, kidney or other 
extracirculatory reservoirs, presumably due to competition between the carrier compound 
and the nucleic acid for a common receptor. In contrast to a carrier compound, a 
"pharmaceutically acceptable carrier" (excipient) is a pharmaceutically acceptable solvent, 

30 suspending agent or any other pharmacologically inert vehicle for delivering one or more 
nucleic acids to an animal. The pharmaceutically acceptable carrier may be liquid or solid 
and is selected with the planned manner of administration in mind so as to provide for the 
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desired bulk, consistency, etc., when combined with a nucleic acid and the other 
components of a given pharmaceutical composition. 

Typical pharmaceutically acceptable carriers include, but are not limited to, 
binding agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or hydroxypropyl 
5 methylcellulose, etc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose, 
pectin, gelatin, calcixom sulfate, ethyl cellulose, polyacrylates or calcium hydrogen 
phosphate, etc.); lubricants (e.g., magnesium stearate, talc, silica, colloidal silicon dioxide, 
stearic acid, metallic stearates, hydrogenated vegetable oils, com starch, polyethylene 
glycols, sodivim benzoate, sodium acetate, etc.); disintegrates (e.g., starch, sodiimi starch 

10 glycolate, etc.); or wetting agents (e.g., sodium lauryl sulphate, etc.). Sustained release oral 
delivery systems and/or enteric coatings for orally administered dosage forms are described 
hi U.S. Pat. Nos. 4,704,295; 4,556,552; 4,309,406; and 4,309,404. 

The compositions of the present invention may additionally contain other adjunct 
components conventionally found in pharmaceutical compositions, at their art-established 

15 usage levels. Thus, for example, the compositions may contain additional compatible 
pharmaceutically-active materials such as, e.g., antipruritics, astringents, local anesthetics 
or anti-inflammatory agents, or may contain additional materials useful in physically 
formulating various dosage forms of the compositions of present invention, such as dyes, 
flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers. 

20 However, such materials, when added, should not unduly interfere with the biological 
activities of the components of the compositions of the invention. 

Regardless of the method by which the oligonucleotides of the invention are 
introduced into a patient, colloidal dispersion systems may be used as delivery vehicles to 
enhance the in vivo stability of the oligonucleotides and/or to target the oligonucleotides to 

25 a particular organ, tissue or cell type. Colloidal dispersion systems include, but are not 
limited to, macromolecule complexes, nanocapsules, microspheres, beads and lipid-based 
systems including oil-in-water emulsions, micelles, mixed micelles, liposomes and 
lipid:oligonucleotide complexes of uncharacterized structure. A preferred colloidal 
dispersion system is a plurality of liposomes. Liposomes are microscopic spheres having an 

30 aqueous core surroimded by one or more outer layers made up of lipids arranged in a 
bilayer configuration (see, generally, Chonn et al., Current Op, Biotech. 1995, 6, 698-708). 
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The phannaceutical compositions of the present invention may be administered in 
a number of ways depending upon whether local or systemic treatment is desired and upon 
the area to be treated. Administration may be topical (including ophthalmic, vaginal, rectal, 
intranasal, epidermal, and transdermal), oral or parenteral. Parenteral administration 
5 includes intravenous drip, subcutaneous, intraperitoneal or intramuscular injection, 
pulmonary administration, e.g., by inhalation or insufflation, or intracranial, e.g., 
intrathecal or intraventricular, administration. Oligonucleotides with at least one 2*-0- 
methoxyethyl modification are believed to be particularly useful for oral administration. 

Formulations for topical administration may include transdermal patches, 

10 ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders. 
Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the 
like may be necessary or desirable. 

Compositions for oral administration include powders or granules, suspensions or 
solutions in water or non-aqueous media, capsules, sachets or tablets. Thickeners, flavoring 

15 agents, diluents, emulsifiers, dispersing aids or binders may be desirable. 

Compositions for parenteral administration may include sterile aqueous solutions 
which may also contain buffers, diluents and other suitable additives. In some cases it may 
be more effective to treat a patient with an oligonucleotide of the invention in conjunction 
with other traditional therapeutic modalities in order to increase the eflBcacy of a treatment 

20 regimen. In the context of the invention, the term "treatment regimen" is meant to 
encompass therapeutic, palliative and prophylactic modalities. For example, a patient may 
be treated with conventional chemotherapeutic agents such as those used for tumor and 
cancer treatment. When used with the compoimds of the invention, such chemotherapeutic 
agents may be used individually, sequentially, or in combination with one or more other 

25 such chemotherapeutic agents. 

The formulation of therapeutic compositions and their subsequent administration 
is believed to be within the skill of those in the art. Dosing is dependent on severity and 
responsiveness of the disease state to be treated, with the course of treatment lasting from 
several days to several months, or imtil a cure is effected or a diminution of the disease 

30 state is achieved. Optimal dosing schedules can be calculated from measurements of dmg 
accumulation in the body of the patient. Persons of ordinary skill can easily determine 
optimum dosages, dosing methodologies and repetition rates. Optimum dosages may vary 
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depending on the relative potency of individual oligonucleotides, and can generally be 
estimated based on the EC50 fomid to be effective during in vitro and in vivo animal 
models. In general, dosage is from 0.01 \xg to 100 mg per kg of body weight, and may be 
given once or more daily, or at longer intervals. Persons of ordinary skill in the art can 
5 easily estimate repetition rates for dosing based on measured residence times and 
concentrations of the drug in bodily fluids or tissues. Following successful treatment, it 
may be desirable to have the patient xmdergo maintenance therapy to prevent the recurrence 
of the disease state, wherein the oligonucleotide is administered in maintenance doses, 
ranging from 0.01 |Lig to 100 mg per kg of body weight, once or more daily, or at longer 

1 0 intervals if appropriate. 

Thus, in the context of tiiis invention, by "therapeutically effective amount" is 
meant the amount of the compound which is reqxxired to have a therapeutic effect on the 
treated individual. This amoxmt, which will be apparent to the skilled artisan, will depend 
upon the age and weight of the individual, the type of disease to be treated, perhaps even 

15 the gender of the individual, and other factors which are routinely taken into consideration 
when designing a drug treatment. A therapeutic effect is assessed in the individual by 
measuring the effect of the compound on the disease state. 



The invention is exemplified by Hie following non-limitative examples: 

20 



EXAMPLES 



Antisense oligonucleotides 

Four 20 bp antisense oligonucleotides were designed against different regions of 
25 the murine Tlr4 gene. The program M fold was used to identify regions of the Tlr4 mRNA 
predicted to have limited tertiary structure. The sequences used were: 
ODN47 5'-TAGGACCGTAAAAGACGTTG-3' (corresponding to bp 24-4 of the Tlr4 
mRNA); 

ODN48 5'-GTGTACAGTAAACAAGTTGT-3' (bp 1840-1821); 
30 ODN49 5'-GTTACCGATGTGGTCCTTAT-3' (bp 2170-2151); 
ODN50 5'-AGTTATGAGAAGATTTCGTT-3' (bp 2870-2851). 
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The oligonucleotides were synthesized with 3 phosphorothioate linkages on each 
end to enhance stability. Desalting was carried out withNAP-25 columns (Pharmacia). 
dsRNA oligonucleotides 

Four 21 nucleotides of single strands oligonucleotides are designed against 
5 different regions of the murine tlr4 gene. These sequences are shown as single stranded 
stretches, however, for siRNA double stranded RNA oligonucleotides, are created by 
hybridization of a complementary oligonucleotides, leaving a 2 nucleotide overhang on the 
y end. 

5'- AAGCTTGAATCCCTGCATAGA-3' 
10 5'-AAACAATTGAAGACAAGGCAT-3' 

5'- AATTGGCCTCTCTAGAAAGCT-3' 

5'- AACCTAGTACATGTGGATCTT-3' 

Nine 21 nucleotides of single strands oligonucleotides are designed against 

different regions of the human Tlr4 gene. 
15 5 '- GTGGCTGTGGAGACAAATCTA-3 ' 

5'- GAATTCCGATTAGCATACTTA-3' 

5'- GATTAGCATACTTAGACTACT-3' 

5'- GGATGGCAACATTTAGAATTA-3' 

5'- GCTTGTCCAGTCTCGAAGTCT -3' 
20 5'-GGTAAGGAATGAGCTAGTAAA-3' 

5'-GAGGGAATAAATGCTAGACTA-3' 

5'-GGTCATTCTCGAGCATGTTCT-3' 

5'- GTCATTCTCGAGCATGTTCTA-3' 



25 Plasmids 

siRNA expression vectors: for generating the siRNA expression vectors pSilencer 
(Sui G et al., Proc Natl Acad Sci 99(8):5515-5520, 2002) or pSuper (Brummelkamp TR et 
al. Science 296:550-553, 2002) are preferably used. 

30 LPS induced shock 

Six-week old female EaNOD mice were divided into 5 groups. These mice are 
bred in a clean facility at the Weizmann Institute. 75 micrograms of each oligonucleotide in 
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200|xl dH20 was administered intravenously (i.v.) at —42 and -20 hours prior to challenge 
with LPS. Control animals received 200 ul of dH20. The mice were challenged i.v, with 1 
mg LPS Rcoli 0127:B8 (Sigma, Israel). Mice were bled from the retroorbital venous 
plexus 90 minutes after LPS challenge and the sera were tested for minine TNFa using a 

5 sandwich ELISA (Endogen) according to manufacturer instructions. Percent survival of the 
mice was recorded at 48 hrs (see Figure 4). 

Rescuing mice from LPS induced septic shock 

All control animals died by 48 hours. In contrast, all four antisense 

10 oligonucleotides showed some protective effect as shown in Figure 4, with ODN47 being 
the most beneficial. All control animals had high serum levels of TNFa 90 minutes after 
challenge with LPS. In contrast, none of the 5 mice treated with ODN47 or ODN48 had 
detectable TNFa. Two mice in the ODN49 and two in the ODN50 groups had detectable 
TNFa as presented in Figure 5. Therefore, antisense oligonucleotides to Tlr4 can 

1 5 downregulate circulating TNFa and prolong survival in a murine model of septic shock. 

The foregoing description of the specific embodiments so fully reveals the general 
nature of the invention that others can, by applying current knowledge, readily modify 

20 and/or adapt for various applications such specific embodiments without undue 
experimentation and without departing from the generic concept, and, therefore, such 
adaptations and modifications should and are intended to be comprehended within the 
meaning and range of equivalents of the disclosed embodiments. It is to be understood that 
the phraseology or terminology employed herein is for the purpose of description and not 

25 of limitation. The means, materials, and steps for carrying out various disclosed functions 
may take a variety of altemative forms without departing from the invention. 
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WHAT IS CLAIMED IS: 

I. An oligonucleotide for inhibiting Toll-like receptor 4 (Tlr4) gene expression, wherein 
said oligonucleotide comprises a contiguous nucleotide sequence corresponding to a 
fragment of the genomic sequence of Tlr4 or an mRNA transcribed therefrom. 

5 2. The oligonuleotide of claim 1 wherein the oligonucleotide sequence is selected from 
the group consisting of antisense, a double-stranded RNA (dsRNA), triple-stranded 
nucleic acids, enzymatic nucleic acid molecules and aptamers. 

3. The oligonuleotide of claim 2 wherein the oligonucleotide sequence is selected from 
the group consisting of antisense and double-stranded RNA (dsRNA). 

10 4. An antisense oligonucleotide for inhibiting Toll-like receptor 4 (tlr4) gene expression, 
wherein said oligonucleotide comprises a contiguous nucleotide sequence selected from 
the group consisting of a fragment of SEQ ID NO:l, a fragment of SEQ ID NO:2 or a 
fragment of SEQ ID NO:20. 

5. The antisense oligonucleotide of claim 4 selected from any one of SEQ ID NOs: 3-6, 
1 5 and SEQ ID NOS: 21-24, or an active fragment thereof 

6. The antisense oligonucleotide of claim 4 comprising 5 to 50 nucleotides. 

7. The antisense oligonucleotide of claim 6 comprising 8 to 30 nucleotides. 

8. The antisense oligonucleotide of claim 7 comprising 15 to 25 nucleotides. 

9. An antisense oligonucleotide comprising 5 to 50 nucleotides, wherein said 
20 oligonucleotide comprises a contiguous nucleotide sequence corresponding to a 

fragment selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO:20 
which specifically hybridizes to an mRNA encoding human Tlr4. 

10. A double-stranded RNA (dsRNA) oligonucleotide for inhibiting Toll-like receptor 4 
{tlr4) gene expression wherein said oligonucleotide comprises a contiguous nucleotide 

25 sequence selected from the group consisting of a fragment of SEQ ID NO: 1, a fragment 

of SEQ ID NO:2, and a fragment of SEQ ID NO:20. 

II. The dsRNA of claim 10 selected from the group consisting and of SEQ ID NOs:7-19, 
or an active fragment thereof.. 
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12. The dsRNA oligonucleotide of claim 10 wherein the dsRNA is a small interference 
RNA. 

13. The siRNA oligonucleotide of claim 1 1 comprising 5-40 nucleotides in length. 

14. The siRNA oligonucleotide of claim 12 comprising 15-25 nucleotides in length. 

5 15. A dsRNA oligonucleotide comprising 5 to 40 nucleotides in length, wherein said 
oligonucleotide comprises a contiguous nucleotide sequence corresponding to a 
fragment selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO:20, 
which specifically hybridizes to an mRNA encoding hximan Tlr4. 

16. An expression vector capable of expressing an oligonucleotide which is substantially 
10 complementary to a nucleic acid sequence encoding Tlr4 and which comprises at least 

an 8 nucleobase portion of any one of SEQ ID NOs: 1-24. 

17. The expression vector comprising the oligonucleotide according to any one of claims 3 
to 9. 

18. The expression vector comprising the oligonucleotide according to any one of claims 
15 10 to 15. 

19. An expression vector capable of expressing an oligonucleotide comprising at least an 8 
nucleobase portion of anyone of SEQ ID NOs: 1-24, wherein said oligonucleotide 
inhibits expression of Tlr4. 

20. A pharmaceutical composition comprising an oligonucleotide for inhibiting Toll-like 
20 receptor 4 (tlr4) gene expression, wherein said oligonucleotide comprises a contiguous 

nucleotide sequence selected from the group consisting of a fragment of the genomic 
sequence of Tlr4 or an mRNA transcribed therefrom. 

21. A pharmaceutical composition wherein the oligonucleotide is selected from a group 
consisting of an antisense, a double-stranded RNA (dsRNA) and triple-stranded nucleic 

25 acids, enzymatic nucleic acid molecules, and aptamers 

22. A pharmaceutical composition comprising as an active ingredient an oligonucleotide 
according to auy one of claims 3-9. 
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23. A pharmaceutical composition comprising as an active ingredient an oligonucleotide 
according to any one of claims 10-15. 

24. The pharmaceutical composition according to any one of claims 20-23, further 
comprising a pharmaceutically acceptable carrier, excipient or diluent 

5 25. A pharmaceutical composition comprising an expression vector and a pharmaceutically 
acceptable carrier, wherein said expression vector is capable of expressing an 
oligonucleotide which is substantially complementary to a nucleic acid sequence 
encoding Tlr4 and which comprises at least an 8 nucleobase portion of SEQ ID NOs:l- 
24, 

10 26. A method of reducing the expression of Tlr4 in a cell comprising the step of contacting 
the cell with an antisense oligonucleotide comprising 5 to 50 nucleotides in length, 
wherein said oligonucleotide comprises a contiguous nucleotide sequence selected from 
the group consisting of a fragment of any one of SEQ ID NOs:l, 2 and 20 wherein said 
oligonucleotide reduces the expression of Tlr4 in said cell. 

15 27. The method of claim 26 wherein the oligonucleotide is selected form any one of SEQ 
ID NOS:3-6, and 21-24, or an active fragment thereof, 

28. A method of reducing the expression of Tlr4 in a cell comprising the step of contacting 
the cell with a dsRNA oligonucleotide having 5 to 40 nucleotides in length, wherein 
said oligonucleotide comprises a contiguous nucleotide sequence selected from the 

20 group consisting of a fragment of any one of SEQ ID NOs:l, 2, and 20 wherein said 

oligonucleotide reduces the expression of Tlr4 in said cell. 

29. The method of claim 28 wherein the oligonucleotide is selected form any one of SEQ 
ID NOs:8-19, or an active fragment thereof 

30. A method of preventing expression of Tlr4 by a cell comprising the step of introducing 
25 into said cell a vector comprising the oligonucleotide of claim 2. 

31. A method of preventing expression of Tlr4 by a cell comprising the step of introducing 
into said cell a vector comprising the oligonucleotide of claim 3. 

32. The method of claim 30 wherein the oligonucleotide sequences attenuate Tlr4 
expression within a cell ex-vivo. 
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33. The method of claim 30 wherein the oligonucleotide sequences attenuate expression of 
a target gene within a cell in-vivo. 

34. A method for prevention or treatment of septic shock comprising the step of 
administering to a subject in need thereof a therapeutically effective amount of a 
pharmaceutical composition according to any one of claims 20-25. 

35. The method of claim 32 wherein the subject is of mammalian origin. 

36. The method of claim 32 wherein the subject is a himian. 

37. The method of claim 32 wherein the antisense is in an expression vector. 

38. The method of claim 32 wherein the siRNA is in an expression vector. 

39. A method for prevention or treatment of graft versus host disease comprising the step 
of administering to a patient in need thereof a therapeutically effective amount of a 
pharmaceutical composition according to any one of claims 20-25. 

40. A method for treatment of inflammatory and autoimmime conditions related to Hsp60 
comprising the step of administering to a patient in need thereof a therapeutically 
effective amount of a pharmaceutical composition according to any one of claims 20- 
25. 

41. The method according to claim 41 wherein the inflammatory and autoimmune 
conditions are selected from the group of arthritis, type 1 diabetes, multiple sclerosis, 
inflammatory bowel disease, and atherosclerosis. 

42. Use of an oligonucleotide molecule according to any one of claims 1-18 for preparation 
of a pharmaceutical composition. 
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1 cctctcaccc tttagcccag- aactgctttg 
61 gaagagaaga caccagtgcc tcagaaactg 
121 ttcacagggc cactgctgct cacagasgca 
181 cgcgcGtggc tgggactctg atcccagcca 
241 gctgggagcc ctgcgtggag gtggttccta 
301 tctacaaaat ccccgacaac ctccccttct 
361 Gcctgaggca tttaggcagc tatagcttct 
421 tatccaggtg tgaaatccag acaattgaag 
481 Gtaccttaat a'b'bgacagga aaccccatcc 
541 tatcaagttt acagaagctg gtggctgtgg 
601 cca-btggaca -tciicaaaac-b t-bgaaagaac 
661 -bcaaa-b-bacc tgagtatttt tctaatctga 
721 acaaga-b-bca aaglia-b-b-bai: -bgcacagacb 
781 atctctcttt agacctgtcG cbgaacccba 
841 aaa-btaggci: ticaliaagciig act-t-baagaa 
901 cttgtattca aggtctggct ggtttagaag 
961 a-bgaaggaaa cttggaaaag tttgacaaat 
1021 -bi::gaagaa-bt. ccgattagca tacttagact 
1081 attgtttgac aaatgtttct: tcattttccc 
1141 acttttctta taatttcgga -tggcaacatt 
1201 ttcccacatt gaaactcaaa tctctcaaaa 
1261 atgctttttc agaagttgat ctaccaagcc 
1321 tgagtttcaa aggttgctgt tctcaaagtg 
1381 atctgagctt caatggtgtt attaccatga 
1441 aacate-bgga -b-b-bccagca-b i:ccaai:t:-bga 
1501 cactcagaaa cctca-b'b'bac d^-bgaca-t-b-b 
1561 gcabcbbcaa bggG-bbgbcc agbcbcgaag 
1621 aaaacbbccb bccagabatic b-bcacagagc 
1681 agbgbcaaG-t ggagcagb-bg -bcbccaacag 
1741 baaababgag cGacaacaac -bbG'bb'bbca-b 
1801 GcctGcaggb bGtbgabtac agbctcaabc 
1861 agcattbtcc aagbag-bGba gcttbcttaa 
1921 gtgaacacGa gagbtbccbg caatggabca 
1981 aacgaabgga abgbgGaaca CGbt.cagaba 
2041 bcacGbgtca gabgaataag acGabcatbg 
2101 Gbgttgbagc agbbcbggtc bataagtbct 
2161 taaagtabgg bagaggbgaa aaGatctabg 
2221 aggactgggb aaggaa-bgag cbagbaaaga 
2261 tctgcctbca cbacagagac t-bbabbcccg 
2341 aaggbbbcca baaaagccga aaggbgabbg 



aatacaccaa ttgctgtggg gcggctcgag 
ctcggtcaga cggbgatagc gagccacgca 
gtgaggatga tgccaggatg atgtctgcct 
tggcGttGct ctcctgcgtg agaccagaas!, 
atatbactta bcaabgcabg gagctgaatb 
caaccaagaa Gcbggaccbg agctbtaabc 
bcagbtbccc agaacbgcag gbgcbggabt 
abggggcaba bcagagccba agccaccbcb 
agagbb-bagc ccbgggagcc btbtctggac 
agacaaat:c-b agca-bcbcba gagaacb-bcc 
-bbaabgbggc bcacaa-bcbt: abccaa-bcbb 
Gcaabcbaga gcacbbggac cbb-bccagca 
'bgcgggb'bcb acabcaaabg CGCcbacbca 
-bgaacb-bbab GcaaGGaggt: gca-bb-baaag 
abaabtbbga tagbbbaaat gtaabgaaaa 
tccabcgbbb ggbtcbggga gaabbbagaa 
cbgcbctaga gggcctgbgc aabbbgacca 
acbaccbcga tgababbatb gacbbabbba 
tggbgagbgb gactatbgaa agggbaaaag 
tagaattagb taactgtaaa btbggacagt 
ggcbbaGbtb GactbGcaaG aaaggtggga 
bbgagbbbcb agabGbcagt agaaabggcb 
abbbbgggac aaccagcGba aagba-b-bbag 
gbbcaaaobb ctbgggctba gaacaactag 
aacaaabgag -bgagiib-b-bca gtiab-bccbat: 
cbcabacbca caccagag-b-b gcbb-bcaabg 
-bcbbgaaaab ggcbggcaab bGbtbccagg 
bgagaaaGbb gaGCtbccbg gacctcbcbc 
GabttaaGtc acbcbccagi: Gttcaggbac 
bggabacgtb bcGbbataag bgtctgaact 
acataabgac ttGcaaaaaa caggaactaG 
abcbbaGbGa gaatgacbtt gcbtgtactt: 
aggacGagag gcagGbGttg gbggaagbbg 
agcagggcab gGctgtgGtg agbbtgaata 
gtgtgbcggb cctcagtgtg cbtgtagbat 
abbtbGaGcb gabgGtbGtb gGtggGbgca 
atgGGbtbgb babcbaG-bGa agGcagga-bg 
atbtagaaga aggggtgccb ccattbGagc 
gbgbggccab 1:gcbgccaac abca-bccabg 
bbgtggbgbc Gcagcacb:-bc abccagagcc 
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2401 gctggtgtat ctttgaatat gagattgctc 
2461 gtatcatctt cattgtcctg cagaaggtgg 
2521 tgtaccgcct tctcagcagg aacacttacc 
2581 acatcttctg gagacgactc agaaaagccc 
2641 gaacagtggg tacaggatgc aattggcagg 
2701 aaacctcctg aggcatttct tgcccagctg 
2761 aaatgctgcc acatgtcagg ccttatgcta 
2821 tgcagggctg ctaatctcaa ggagcttcca 
2881 acagagtctt ccaggtgggc atttcaacca 
2941 tcatttcaac tcttacctca tcaagttgaa 
3001 ttcttttcct gagtcttttg aatggaaatt 
3061 ttggtagttt -bgacbgaacb ggg-tg't'kcac 
3121 ttctact-tga tgactgcagt cgtcaagggg 
3181 agtctg-bctc cttacagagg l^taaagtcta 
3241 aca-bgcbcac aacca'bcc'bg gtea'b'bc-bcg 
3301 tgatatattt ttatttttat atatccagtt 
3361 a-batca-baaa tiaaggt-bg-bt: liaagacg-bgc 
3421 aaggaag-ba-b ggaaaagtac acbctgtcac 
3481 gccbactiaag taa-bgactgt: catgaaagca 
3541 tcttttaaac gggaagaaaa tttccgattc 
3601 ggcaggaagg aagtgggatg acctcaggag 
3661 ggctgataaa cccggggtga cctcatgaaa 
3721 aacaagtgat gtttgatgga cctctgaatc 
3781 C'bcccc'bg'ba cccb-bcbcac -bgccaggaga 



agacctggca gtttctgagc agtcgtgctg 
agaagaccct gctcaggcag caggtggagc 
tggagtggga ggacagtgtc ctggggcggc 
tgctggatgg taaatcatgg aatccagaag 
aagcaaca'bc tatctgaaga ggaaaaataa 
ggtccaacac ttgttcagtt aataagtatt 
agggtgagta attccatggt gcactagata 
gtgcagaggg aataaatgct agactaaaat 
actcagtcaa ggaacccatg acaaagaaag 
-taaagacaga gaaaacagaa agagacattg 
gtattatgtt atagccatca taaaaccatt 
-btbttcciitt ttgattgaals acaaiittaaa 
ctcotgatgc aagatgcccc ttccali-btta 
gtggctaati: cct:aaggaaa cctgat-taac 
agca-kg-b-bct ai:1:-b1:ttaac taa-tcacccc 
ttcatttttt tacg-bct'bgc cbataagc-ba 
-b-bcaaa-ba-bc catattaacc actatttttc 
tttgtcactc gatgtcattc caaagt-bab-b 
gcattgaaat aatttgttta aagggggcac 
ctggtcttat Gatggacaat ttgggctaga 
gtcacctttt cttgattcca gaaacatatg 
tgagttgcag cagaagbtta bbtbtttcag 
tctttaggga gacacaga-bg gc-bggga-bcQ 
acba 
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1 ctggttgcag aaaatgccag gatgatgcct 
61 gcactgttct tctcctgcct gacaccagga 
121 aa1:a-bt:acc-b ' accaai:gca-b gga-bcagaaa 
181 tcaaccaaga acatagatct gagcbtcaac 
241 tccaattttt cagaacttca gtggctggat 
301 gacaaggca-b ggca'bggc't'b acaccaccbc 
361 cagagttttt ccccaggaag tttctctgga 
421 gagacaaaat tggGCtctct agaaagct-bc 
481 ctcaatgtgg ctcacaattt -ta-baca-b-bcc 
541 acgaacctag tacatgtgga tctttcttat 
601 ttacagtttc tacgtgaaaa tccacaagtc 
661 attgacttca 't'tcaagacca agcctttcag 
721 ggtaatttta atagctcaaa tataatgaaa 
781 gtccatcggt tgatcttggg agaatttaaa 
841 tctatcatgg aaggactatg tgatgtgacc 
901 gatttttcag atgatattgt taagttccat 
961 gcaggtg-bat: cba-baaaa-ba -tctagaagai: 
1021 tcaatcatta ga-tglicaacb t:aagcagt:-bt: 
1081 ttgaG-b-t1:aa ctai^gaacaa aggg-bcta-tc 
1141 agc-ba-tcbag a-bct-bagtag aaabgcactg 
1201 -bbgggaacaa acagccbgag acacbtagac 
1261 gccaa-b-bbca bgggbcbaga agagcbgcag 
1321 aggg-bcacag aa-b-bcbcagc gb-bctta-bcc 
1381 -babacbaaca ccaaaabbga cbbcgatggb 
1441 ttaaaaabgg cbggcaabbc tbtcaaagac 
1501 acaaacbbga catbccbgga bctbbctaaa 
1561 bbbgacaccc tccabagacb bcaabtabba 
1621 gattcatccc abbabaacca gcbgbabbcc 
1681 abagagacab cbaaaggaab acbgcaacab 
1741 acbaacaabb cbgbbgcbbg bababgbgaa 
1801 cagaagcagb bcbbggbgaa bgbbgaacaa 
1861 accbccbbag bgbbggabbb baabaabbcb 
1921 gbgbcagbgg bcagbgbgab bgbggbabcc 
1981 bbbcaccbga bacbbabbgc bggcbgbaaa 
2041 gca-bbbgbga bcbacbcgag bcagaabgag 
2101 bbagaagaag gagbgccccg cbbbcaccbc 



cccbggcbcc bggcbaggac bcbgabcabg 
agcbbgaabc cabgcabaga ggbagbbccb 
cbcageaaag bcccbgabga cabbcetbcb 
cccbbgaaga bcbbaaaaag cbabagcbbc 
bbabccaggb gbgaaabbga aacaabbgaa 
bcaaacbbga bacbgacagg aaacccbabc 
cbaacaagbb bagagaabcb ggbggcbgbg 
ccbabbggac agcbbabaac cbbaaagaaa 
bgbaagbbac cbgcababbb bbccaabcbg 
aacbababbc aaacbabbac bgbcaacgac 
aabcbcbcbb bagacabgbc bbbgaaccca 
ggaabbaagc bccabgaacb gacbcbaaga 
acbbgccbba aaaaccbggc bggbbbacac 
gabgaaagga abcbggaaab bbbbgaaccc 
abbgabgagb bcaggbbaac ababacaaab 
bgcbbggcga abgbbbcbgc aabgbcbcbg 
gbbccbaaac abbbcaaabg gcaabccbba 
ccaacbcbgg abcbacccbb bcbbaaaagb 
agbbbbaaaa aagbggcccb accaagbcbc 
agcbbbagbg gbbgcbgbbc bbabbcbgab 
cbcagcbbca abggbgccat cabbabgagb 
caccbggabb bbcagcacbc bacbbbaaaa 
cbbgaaaagc bacbbbaccb bgacabcbcb 
ababbbcbbg gcbbgaccag bcbcaacaca 
aacacccbbb caaabgbcbb bgcaaacaca 
bgbcaabbgg aacaaababc bbggggggba 
aababgagbc acaacaabcb abbgbbbbbg 
cbcagcacbc bbgabbgcag bbbcaabcgc 
bbbccaaaga gbcbagccbb cbbcaabcbb 
cabcagaaab bccbgcagbg ggbcaaggaa 
abgacabgbg caacaccbgb agagabgaab 
accbgbbaba bgbacaagac aabcabcagb 
acbgbagcab bbcbgababa ccacbbcbab 
aagbacagca gaggagaaag cabcbabgab 
gacbgggbga gaaabgagcb ggbaaagaab 
bgccbbcacb acagagacbb babbccbggb 
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2221 gtagtgtcta gacactttat tcagagccgt 
2281 acatggcagt ttctgagcag ccgctctggc 
2341 aagtccctgc tgaggcagca ggtggaattg 
2401 gaatgggagg acaatcctct ggggaggcac 
2461 ttggatggaa aagcctcgaa tcctgagcaa 
2521 tggacctgag gagaacaaaa ctctggggcc 
2581 ctacagctca cctggggctc tgctatggac 
2641 ctatagcatg gaccttaccg ggcagaagga 
2701 atgaat:i:acc i^aactcggga aaagaaacat 
2761 agaagaggcl: aaggcctagt gagaacagaa 
2821 atacaagaca tgtcatgttc tgtgtttcag 
2881 tgaactgaac ggtttcttac tttccctttt 
2941 tttgagaggt cttcattcca atttcatctt 
3001 tttttatcta attctataag aaatatgatt 
3061 ctaagaatgc tatatttatt aaatacaatt 
3121 ttatcgtttt tcatgccttg actataaact 
3181 ctaagaaggc ccatatttga ctataatttt 
3241 tattgtcact gaatgtcatt cttaagttat 
3301 g-b-taaaaa-ta atttggttga 'tagaaa'ta'bt: 
3361 gcaggaacag aaatcatgat ttcatcattt 
3421 tgaa-bgacaa gac^aca-bat: gcbgcaaclig 
3481 ac-b-bgagaac a-b-bttgggga ggaagaaagg 
3541 t-bctggaca-b gccb-bg-bgag atgga-bcaa-b 
3601 a-b't'bcag'bca gca-bgaacac -bgaata-bata 
3661 atgtaca-ba-b a-kgaacc-bgt aca-bgtg-btt 
3721 gg-bg-ba-ta-b-b tgtgataggg cbtbaaa'bag 
3781 ciibggbaaac caaaccaaaa gtagaabcai: 
3841 aaaaaaaaaa aaaaaaaaaa aaaaaa 



tggtgtatct ttgaatatga gattgctcaa 
atcatcttca ttgtccttga gaaggttgag 
tatcgccttc ttagcagaaa caccbacctg 
atcttctgga gaagacttaa aaatgcccta 
acagcagagg aagaacaaga aacggcaact 
-baaacccagb cbgtiti-bgcaa -b1:aa1:aaat:g 
cgagagccca 'bggaacaca-b ggcbgcbaag 
agtagcactg acaccbbcct: ttccaggggt 
aa-bccagaa-b ctttaccttb aabcbgaagg 
aggagaacca gtcttcactg ggccttttga 
-b-bgcb-btaga agag-ba-b'bga -bag-bbbcaac 
b'bcbacbgaa tgcaabatta aabagctcbt 
ccatttbatg tcattttctt ttcttttttg 
gabacacgct cacagatagc ctggccaabc 
cctagbatac ttttactttt abaaattcag 
aatatcataa ataagatbgt tacaggbabg 
ttaagaaagt atataaaata bactbtgtca 
taccbaagtt atggatgbca cagagtcagb 
btbaatcagg agggaaaagb ggagaggggl^ 
attctbgatt ttbccggaag i^bcacat^agc 
atgttccttc tcatcaagga -bacbcbcbga 
te-baaca-bcc ttbtccttca 'bca-b-bcbcat 
gttgggagta cacatttctg ctbtcaectt 
atgtcatttc acagtgtgtg tgtgbtgbgt 
aag^t-baaag agaaaa-bag-b g-bacagagca 
t-bgagcbaa-b -bcagaaaagt atggaggi^-bt: 
bacaagabcb aacaabaaaa atb'bbgaaaa 
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1 ggtaagaatg ctttgtgata gcccagcagc 
61 tctttttata ggtgaggaac tgaagcttga 
121 tgcttgttag cGacagacca gagatttaag 
181 ttctttgtct taatactcta cttctctaaa 
241 cacagcaaga ccctttcctt ctcacctaat 
301 gctataacaa tcatataatt gaaagaaaga 
361 atttataaat gtgataacta aaacctagag 
421 ggagaggact: gcagaaacac caaacccaag 
481 tactatactg cctatccttt atctagttac 
541 cttttattgt ctaggaaact cctgaagaag 
601 tgtaattcag gctggattaa gaaagaactt 
661 a-bgctgaaag gaatttttca ttggcntgct 
721 taggacatgt ctctgaacab tgtgtgtagc 
781 aaaaccctitb atictggbtgg taaaccbctg 
841 ccatattgta cactccaatt tcatctctgt 
901 tcctccttgt gtcatttttt ttctgtcaac 
961 acctcctttt attgttaact tctactcatc 
1021 aaacctactt tgattttctt ggtccanaac 
1081 baa-bb-bbcac bbbbbbccac aaaacbcgcb 
1141 abaacaagaa cbbbcaaaba bcbagcbgbc 
1201 abcbgbgaca cbbabgbgba abgbbbcgba 
1261 bcbbggcbac caacbaacaa cbabccabab 
1321 bbbbgbgbga cagaaaabgg cbaaacbbga 
1381 acaabcbtba batabgbcaa bbabbgabcb 
1441 cbcbgcbbab cabgbabgcc baacabgaca 
1501 baabacbcag bcbgbggggc bbcbbabbbg 
1561 gbcbbbgccb abgcacaabc ababgaccca 
1621 gabbaababb cbabbbbagg bbcbbabbca 
1681 abbccbgbag gbgbgaaabc cagacaabbg 
1741 bcbcbaccbb aababbgaca ggaaacccca 
1801 gacbabcaag bbbacagaag cbggbggcbg 
1861 bccccabbgg acabcbcaaa acbbbgaaag 
1921 cbbbcaaabb accbgagbab bbbbcbaabc 
1981 gcaacaagab bcaaagbabb babbgcacag 
2041 bcaabcbcbc bbbagaccbg bcccbgaacc 
2101 aagaaabbag gcbbcabaag cbgacbbbaa 
2161 aaacbbgbab bcaaggbcbg gcbggbbbag 
2221 gaaabgaagg aaacbbggaa aagbbbgaca 
2281 ccabbgaaga abbccgabba gcabacbbag 



cbbcbbbccc cbabagaaab ababababan 
abaabbbaaa bgacbbabab acabnabcab 
bbcncabcbc cagaabccaa cbbaaabgbb 
gbgabbabca ccaabgbaab gababagagn 
gbabagagca abgcagagab agaabgabgg 
acbbcaaaaa baabcaagbb cagcbgbbbg 
aggaaaagag gbacbcaaga bcacacagba 
cbcbbbbgbc cacbcbbcca gcgbbcbbbc 
caabaaabaa caaaagcbbg gaccacaabg 
cbaaabaaaa bgggbgggga ababbgbaaa 
abbbgacabb gbaacbgaca agcaccbgca 
gbbbgcbggg cbgcabcaaa gcccbgbcbc 
abggcbbbca bbbcbbbbag gabaaaabbc 
ccbaabbggg aaccbbcbbb cbccacaacb 
bcbccaacca bggaagcbab bbgbcabgab 
cbbggggcbb bbgbgbbbgc bgbbcacbbc 
bbbcaabbbb caacbbaagb gbbcbcagag 
ggbbcbcbgg abgbgaacbc bbabagcaca 
ccbabcaccb gbbacaagca bbbaccbcbg 
abgbaagcac bbbbcabaaa cabbaagagb 
bcbcbgaaab bgababbbac cagbcabbba 
babcbgbacc aabcagabgb abaabcacaa 
bccaaggcba bbacabgcbb babcaacbgc 
bbancbgabb bccbbcbbab ggabbbbcbc 
aaaaagagcc babcabbgca gccagbabga 
cbbabbccab cabcabcbgb ccbgcbbgab 
bcacabcbgb abgaagagcb ggabgacbag 
gcagaaabab bagabaabca abgbcbbbbb 
aagabggggc ababcagagc cbaagccacc 
bccagagbbb agcccbggga gccbbbbcbg 
tggagacaaa bcbagaabcb cbagagaacb 
aacbbaabgb ggcbcacaab cbbabccaab 
bgaccaabcb agagcacbbg gaccbbbcca 
acbbgcgggb bcbacabcaa abgccccbac 
cbabgaacbb babccaacca ggbgcabbba 
gaaabaabbb bgabagbbba aabgbaabga 
aagbccabcg bbbggbbcbg ggagaabbba 
aabcbgcbcb agagggccbg bgcaabbbga 
acbacbaccb cgabgababb abbgacbbab 
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2341 ttaattgttt gacaaatgtt tcttcatttt 
2401 aagacttttc ttataatttc ggatggcaac 
2461 agtttcccac attgaaactc aaatctctca 
2521 ggaatgcttt ttcagaagtt gatctaccaa 
2581 gcttgagttt caaaggttgc tgttctcaaa 
2641 tagatctgag cttcaatggt g-bbab-tacca 
2701 bagaaca-bct ggatttccag cabbccaabt: 
2761 tatcactcag aaacctcatt taccttgaca 
2821 atggcatctt caatggcttg tccagtctcg 
2881 aggaaaactt ccttccagat atcttcacag 
2941 ctcagtgtca actggagcag ttgtctccaa 
3001 tactaaatat gagccacaac aacttctttt 
3061 actccctcca ggttcttgat tacagtctca 
3121 tacagcattt tccaagtagt ctagctttct 
3181 cb-tgtigaaca ccagagbbt:c cbgcaabgga 
3241 btgaacgaat ggaatgtgca acaccttcag 
3301 abatcacctg bcagatgaat aagaccabca 
3361 tatctgfctgt agcagbtcbg gbctabaagb 
3421 gcabaaagta bggbagaggb gaaaacabcb 
3481 abgaggacbg ggbaaggaab gagcbagbaa 
3541 agctctgccb bcacbacaga gacbbbabtc 
3601 atgaaggttb ccabaaaagc cgaaaggbga 
3661 gccgctggtg tatcttbgaa tatgagabtg 
3721 ctggbatcat cttcabbgtc ctgcagaagg 
3781 agctgbaccg ccbbcbcagc aggaacacbb 
3841 ggcacabcbb cbggagacga cbcagaaaag 
3901 aaggaacagb gggbacagga bgcaabbggc 
3961 baaaaacctc ctgaggcatt tcttgcccag 
4021 abbaaabgct gccacatgtc aggccttatg 
4081 atatgcaggg ctgctaabct caaggagctt 
4141 aatacagagt cttccaggtg ggcatbbcaa 
4201 aagtcatttc aacbcbtacc tcabcaagtb 
4261 tbgbbcbbbb ccbgagtcbb tbgaabggaa 
4321 abbttggbag bbbbgacbga acbgggbgbb 
4381 aaabtcbact tgafcgactgc agtcgbcaag 
4441 btaagtctgt ctccttacag aggttaaagt 
4501 aacacatgct cacaaccatc ct:ggtcattc 
4561 cccbgatata btbbbatttt tababatcca 



Gccbggbgag bgbgacbabt gaaagggbaa 
abbbagaabb agbbaacbgb aaatttggac 
aaaggcbbac bbbcacbbcc aacaaaggtg 
gcctbgagfcb bcbagabcbc agbagaaatg 
gbgabbbbgg gacaaccagc cbaaagbabb 
bgagbbcaaa cbbcbbgggc bbagaacaac 
bgaaacaaab gagbgagbbb bcagbabbcc 
bbbcbcabac bcacaccaga gbbgcbbbca 
aagbcbbgaa aabggcbggc aabbctbbcc 
agcbgagaaa cbbgaccbbc ctggaccbcb 
cagcabbbaa cbcacbcbcc agbcttcagg 
cabbggatac gtbtccbbab aagbgbcbga 
abcacabaab gacbbccaaa aaacaggaac 
baaabcbbac bcagaatgac bbbgcbbgba 
licaaggacca gaggcagcbc btggbggaag 
abaagcaggg cabgccbgbg cbgagbttga 
bbggbgbgbc ggbccbcagb gbgcbbgbag 
bcbabbbbca ccbgatgcbb cbbgcbggcb 
abgabgccbb bgbbabcbac bcaagccagg 
agaabbbaga agaaggggbg ccbccabbbc 
ccggbgbggc cabbgcbgcc aacabcsatcc 
bbgbbgbggb gbcccagcac bbcabccaga 
cbcagaccbg gcagbbbcbg agcagbcgbg 
bggagaagac ccbgctcagg cagcaggbgg 
accbggagbg ggaggacagb gtccbggggc 
cccbgcbgga bggbaaa-tca bggaat;ccag 
aggaagcaac at:cba1icbga agaggaaaaa 
ctgggtccaa cactbgtbca gtbaabaagb 
cbaagggbga gbaabtccab ggbgcacbag 
ccagbgcaga gggaabaaab gcbagacbaa 
Gcaacbcagb caaggaaccc a-bgacaaaga 
gaabaaagac agagaaaaca gaaagagaca 
abbgbabbab gbbabagcca bcaiiaaaacc 
caGbtbbbcc bbtbbgabbg aabacaabbt 
gggcbccbga bgcaagabgc cccbbccabb 
cbagbggcba atbcctaagg aaaccbgabb 
tcgagcabgb bcbabbbbbb aacbaabcac 
gbbbbcabbb bbbbacgbcb bgccbabaag 
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4621 ctaatatcat aaataaggtt gtttaagacg 
4681 'b'tcaaggaag tai:ggaaaag tacactctgt 
4741 attgcctact aagiiaabgac tgtcatgaaa 
4801 cactGtttta aacgggaaga aaatttccgc 
4861 agaggcagga aggaagtggg atgacctcag 
4921 atgggctgat aaacccgggg tgacctcatg 
4981 cagaacaagt gatgtttgat ggacctctga 
5041 tccctcccct gtacccttct cactgccagg 
5101 gagtatacat tgctgtttcc tgttgggcaa 
5161 atgttatcat tgagaaaaca atgtgtctgg 
5221 cagaaaagaa tgttcatcca gcctcctcag 
5281 gatgtcatca gggaaatgaa aataaaaacc 
5341 atggctacta taaaaaaatg aagtgtcatc 
5401 actgctggag ggaatggaaa atggtgtagc 
5461 aaaatitaaaa atagaactigc tatabgatcc 
5521 ataattgaaa tcagaatttc aagaaaatat 
5581 cacaatcact gtttccaaag ttatggaaac 
5641 caaagaaaat gtgcatatac gtacaatggg 
5701 ctgttattta tgacaacatg aataaacccg 
5761 aacagaaaga caaatactgc ctgattlicat 
5821 liagaagcaga gaatagaaca gtggbtccta 
5881 tagggagttg tctaattggt ataaaattat 
5941 agctgtatag cagagttcgt ataatgaaca 
6001 agagggtacc tctcatgtta agtgttctta 
6061 aggtgatgga tatatttatt accttgattg 
6121 tctaaactca tcaaattgta tacattaaat 
6181 gaatgaagct: ataaaaaaga aaagacaaca 
6241 cacagtcaga agtgtttgtt actgagtgtt 
6301 ggtgattgaa catccctggg tgtgtttcaa 
6361 gcatttgtgc acatatccct atgtatccct 
6421 tgtccgcatg atcatatctg tatagaagag 
6481 catttgaaat ggatgtctat ggctgfcttga 
6541 tagtctcGcc ttatccctta tgcttggtgg 
6601 agaccgcaga tggtaccaaa cctcatatat 
6661 agataaagtt catcttctga attaggcaca 
6721 ttgaatagtt ataataatat attgtaataa 
6781 tctctc 



tgcttcaaat atccatatta accactattt 
cactttgtca ctcgatgtca ttccaaagtt 
gcagcattga aataatttgt ttaaaggggg 
ttcctggtct tatcatggac aatttgggct 
gaggtcacct tttcttgatt ccagaaacat 
aaatgagttg cagcagaagt ttattttttt 
atctctttag ggagacacag atggctggga 
agaactacgt gtgaaggtat tcaaggcagg 
tgctccttga ccacattttg ggaagagtgg 
aattaatggg gttcttataa agaaggttcc 
aaacagaaca ttcaagaaaa ggacaatcag 
acaatgagat atcaccttat accaggtaga 
aaggatatag agaaattgga acccttcttc 
cgttatgaaa aacagtacgg aggtttctca 
agcaatctca cttctgtata tatacccaaa 
ttacacbccc atgttcattg tggcactctt 
aacccaaatt tccattgaaa aataaatgga 
atattattca gcctaaaaaa agggggnatc 
gagccattat gctatgtaaa atgagcaagt 
ttatatgagg ttctaaaata gtcaaactca 
gggaaaagga ggaagggaga aatgaggaaa 
agtatgcaag atgaattagc tctaaagatc 
atactgtatt atgcacttaa cattttgtta 
ccatatacat atacacaagg aagcttttgg 
tggtgatggt ttgacaggta tgtgactatg 
atatgcagtt ttataatatc aattatgtct 
aaattcagtt gtcaaaactg gaaatatgac 
tcagagtgtg tttggtttga gcaggtctag 
tgtctcatgt actagtgaaa gtagatgtgt 
atcagggctg tgtgtatttg aaagtgtgtg 
agtgtgatta tatttcttga agaatacatc 
gatgagttct ctactcttgt gcttgtacag 
atacgttctt agaccccaag tggatctctg 
goaatatttt ttcctataca taaataccta 
gtaagagatt aacaataact aacaataaaa 
aagttatgtg aatgtgatct ctttcttttc 
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SEQUENCE LISTING 

<110> YEDA RESEARCH AND DEVELOPMENT CO. LTD. 

<120> oligonucleotides that block TOLL-like receptors 

<130> YEDA003 

<160> 24 

<170> Patentin version 3.1 

<210> 1 

<211> 3814 

<212> DNA 

<213> Homo sapiens 



<400> 1 
cctctcaccc 


tttagcccag 


aactgctttg 


aatacaccaa 


ttgctgtggg 


gcggctcgag 


60 


gaagagaaga 


caccagtgcc 


tcagaaactg 


ctcggtcaga 


cggtgatagc 


gagccacgca 


120 


ttcacagggc 


cactgctgct 


cacagaagca 


gtgaggatga 


tgccaggatg 


atgtctgcct 


180 


cgcgcctggc 


tgggactctg 


atcccagcca 


tggccttcct 


ctcctgcgtg 


agaccagaaa 


240 


gctgggagcc 


ctgcgtggag 


gtggttccta 


atattactta 


tcaatgcatg 


gagctgaatt 


300 


tctacaaaat 


ccccgacaac 


ctccccttct 


caaccaagaa 


cctggacctg 


agctttaatc 


360 


ccctgaggca 


tttaggcagc 


tatagcttct 


tcagtttccc 


agaactgcag 


gtgctggatt 


420 


tatccaggtg 


tgaaatccag 


acaattgaag 


atggggcata 


tcagagccta 


agccacctct 


480 


ctaccttaat 


attgacagga 


aaccccatcc 


agagtttagc 


cctgggagcc 


ttttctggac 


540 


tatcaagttt 


acagaagctg 


gtggctgtgg 


agacaaatct 


agcatctcta 


gagaacttcc 


600 


ccattggaca 


tctcaaaact 


ttgaaagaac 


ttaatgtggc 


tcacaatctt 


atccaatctt 


660 


tcaaattacc 


tgagtatttt 


tctaatctga 


ccaatctaga 
Page 1 


gcacttggac 


ctttccagca 


720 
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acaagattca 


aagtatttat 


tgcacagact 


tgcgggttct 


acatcaaatg 


cccctactca 


780 


atctctcttt 


agacctgtcc 


ctgaacccta 


tgaactttat 


ccaaccaggt 


gcatttaaag 


840 


aaattaggct 


tcataagctg 


actttaagaa 


ataattttga 


tagtttaaat 


gtaatgaaaa 


900 


cttgtattca 


aggtctggct 


ggtttagaag 


tccatcgttt 


ggttctggga 


gaatttagaa 


960 


atgaaggaaa 


cttggaaaag 


tttgacaaat 


ctgctctaga 


gggcctgtgc 


aatttgacca 


1020 


ttgaagaatt 


ccgattagca 


tacttagact 


actacctcga 


tgatattatt 


gacttattta 


1080 


attgtttgac 


aaatgtttct 


tcattttccc 


tggtgagtgt 


gactattgaa 


agggtaaaag 


1140 


acttttctta 


taatttcgga 


tggcaacatt 


tagaattagt 


taactgtaaa 


tttggacagt 


1200 


ttcccacatt 


gaaactcaaa 


tctctcaaaa 


ggcttacttt 


cacttccaac 


aaaggtggga 


1260 


atgctttttc 


agaagttgat 


ctaccaagcc 


ttgagtttct 


agatctcagt 


agaaatggct 


1320 


tgagtttcaa 


aggttgctgt 


tctcaaagtg 


attttgggac 


aaccagccta 


aagtatttag 


1380 


atctgagctt 


caatggtgtt 


attaccatga 


gttcaaactt 


cttgggctta 


gaacaactag 


1440 


aacatctgga 


tttccagcat 


tccaatttga 


aacaaatgag 


tgagttttca 


gtattcctat 


1500 


cactcagaaa 


cctcatttac 


cttgacattt 


ctcatactca 


caccagagtt 


gctttcaatg 


1560 


gcatcttcaa 


tggcttgtcc 


agtctcgaag 


tcttgaaaat 


ggctggcaat 


tctttccagg 


1620 


aaaacttcct 


tccagatatc 


ttcacagagc 


tgagaaactt 


gaccttcctg 


gacctctctc 


1680 


agtgtcaact 


ggagcagttg 


tctccaacag 


catttaactc 


actctccagt 


cttcaggtac 


1740 


taaatatgag 


ccacaacaac 


ttcttttcat 


tggatacgtt 


tccttataag 


tgtctgaact 


1800 


ccctccaggt 


tcttgattac 


agtctcaatc 


acataatgac 


ttccaaaaaa 


caggaactac 


1860 


agcattttcc 


aagtagtcta 


gctttcttaa 


atcttactca 


gaatgacttt 


gcttgtactt 


1920 


gtgaacacca 


gagtttcctg 


caatggatca 


aggaccagag 


gcagctcttg 


gtggaagttg 


1980 


aacgaatgga 


atgtgcaaca 


ccttcagata 


cigcagggcat 


gcctgtgctg 


agtttgaata 


2040 


tcacctgtca 


gatgaataag 


accatcattg 


gtgtgtcggt 


cctcagtgtg 


cttgtagtat 


2100 


ctgttgtagc 


agttctggtc 


tataagttct 


attttcacct 


gatgcttctt 


gctggctgca 


2160 


taaagtatgg 


tagaggtgaa 


aacatctatg 


atgcctttgt 


tatctactca 


agccaggatg 


2220 


aggactgggt 


aaggaatgag 


ctagtaaaga 


atttagaaga 


aggggtgcct 


ccatttcagc 


2280 


tctgccttca 


ctacagagac 


tttattcccg 


gtgtggccat 


tgctgccaac 


atcatccatg 


2340 


aaggtttcca 


taaaagccga 


aaggtgattg 


ttgtggtgtc 


ccagcacttc 


atccagagcc 


2400 


gctggtgtat 


ctttgaatat 


gagattgctc 


agacctggca 


gtttctgagc 


agtcgtgctg 


2460 


gtatcatctt 


cattgtcctg 


cagaaggtgg 


agaagaccct 


gctcaggcag 


caggtggagc 


2520 


tgtaccgcct 


tctcagcagg 


aacacttacc 


tggagtggga 


ggacagtgtc 


ctggggcggc 


2580 


acatcttctg 


gagacgactc 


agaaaagccc 


tgctggatgg 


taaatcatgg 


aatccagaag 


2640 


gaacagtggg 


tacaggatgc 


aattggcagg 


aagcaacatc 


tatctgaaga 


ggaaaaataa 


2700 


aaacctcctg 


aggcatttct 


tgcccagctg 


ggtccaacac 


ttgttcagtt 


aataagtatt 


2760 


aaatgctgcc 


acatgtcagg 


ccttatgcta 


agggtgagta 
page 2 


attccatggt 


gcactagata 


2820 
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tgcagggctg 


ctaatctcaa 


ggagcttcca 


gtgcagaggg 


aataaatgct 


agactaaaat 


2880 


acagagtctt 


ccaggtgggc 


atttcaacca 


actcagtcaa 


ggaacccatg 


acaaagaaag 


2940 


tcatttcaac 


tcttacctca 


tcaagttgaa 


taaagacaga 


gaaaacagaa 


agagacattg 


3000 


ttcttttcct 


gagtcttttg 


aatggaaatt 


gtattatgtt 


atagccatca 


taaaaccatt 


3060 


ttggtagttt 


tgactgaact 


gggtgttcac 


tttttccttt 


ttgattgaat 


acaati*tliaaa 


3120 


ttctacttga 


tgactgcagt 


cgtcaagggg 


ctcctgatgc 


aagatgcccc 


ttccatttta 


3180 


agtctgtctc 


cttacagagg 


ttaaagtcta 


gtggctaatt 


cctaaggaaa 


cctgattaac 


3240 


acatgctcac 


aaccatcctg 


gtcattctcg 


agcatgttct 


attttttaac 


taatcacccc 


3300 


tgatatattt 


ttatttttat 


atatccagtt 


ttcatttttt 


tacgtcttgc 


ctataagcta 


3360 


atatcataaa 


taaggttgtt 


taagacgtgc 


ttcaaatatc 


catattaacc 


actatttttc 


3420 


aaggaagtat 


ggaaaagtac 


actctgtcac 


tttgtcactc 


gatgtcattc 


caaagttatt 


3480 


gcctactaag 


taatgactgt 


catgaaagca 


gcattgaaat 


aatttgttta 


3L3igQQggcac 


3540 


tcttttaaac 


gggaagaaaa 


tttccgcttc 


ctggtcttat 


catggacaat 


ttgggctaga 


3600 


ggcaggaagg 


aagtgggatg 


acctcaggag 


gtcacctttt 


cttgattcca 


gaaacatatg 


3660 


ggctgataaa 


cccggggtga 


cctcatgaaa 


tgagttgcag 


cagaagttta 


tttttttcag 


3720 


aacaagtgat 


gtttgatgga 


cctctgaatc 


tctttaggga 


gacacagatg 


gctgggatcc 


3780 


ctcccctgta 


cccttctcac 


tgccaggaga 


acta 






3814 


<210> 2 














<211> 3814 












<212> DNA 














<213> MUS 


musculus 












<400> 2 
cctctcaccc 


tttagcccag 


aactgctttg 


aatacaccaa 


ttgctgtggg 


gcggctcgag 


60 


gaagagaaga 


caccagtgcc 


tcagaaactg 


ctcggtcaga 


cggtgatagc 


gagccacgca 


120 


ttcacagggc 


cactgctgct 


cacagaagca 


gtgaggatga 


tgccaggatg 


atgtctgcct 


180 


cgcgcctggc 


tgggactctg 


atcccagcca 


tggccttcct 


ctcctgcgtg 


agaccagaaa 


240 


gctgggagcc 


ctgcgtggag 


gtggttccta 


atattactta 


tcaatgcatg 


gagctgaatt 


300 


tctacaaaat 


ccccgacaac 


ctccccttct 


caaccaagaa 


cctggacctg 


agctttaatc 


360 


ccctgaggca 


tttaggcagc 


tatagcttct 


"tcaat't'tccc 

\m> V-^ CA, ^ ^ V* \^ 


CA y L*. ci \_ l.^\mCL^ 


a t* a r t* Q n a t"!" 


470 

" <u V/ 


tatccaggtg 


tgaaatccag 


acaattgaag 


atggggcata 


tcagagccta 


agccacctct 


480 


ctaccttaat 


attgacagga 


aaccccatcc 


agagtttagc 


cctgggagcc 


ttttctggac 


540 


tatcaagttt 


acagaagctg 


gtggctgtgg 


agacaaatct 


agcatctcta 


gagaacttcc 


600 


ccattggaca 


tctcaaaact 


ttgaaagaac 


ttaatgtggc 


tcacaatctt 


atccaatctt 


660 
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tcaaattacc 


tgagtatttt 


tctaatctga 


ccaatctaga 


gcacttggac 


ctttccagca 


720 


acaagattca 


aagtatttat 


tgcacagact 


tgcgggttct 


acatcaaatg 


cccctactca 


780 


atctctcttt 


agacctgtcc 


ctgaacccta 


tgaactttat 


ccaaccaggt 


gcatttaaag 


840 


aaattaggct 


tcataagctg 


actttaagaa 


ataattttga 


tagtttaaat 


gtaatgaaaa 


900 


cttgtattca 


aggtctggct 


ggtttagaag 


tccatcgttt 


ggttctggga 


gaatttagaa 


960 


atgaaggaaa 


cttggaaaag 


tttgacaaat 


ctgctctaga 


gggcctgtgc 


aatttgacca 


1020 


ttgaagaatt 


ccgattagca 


tacttagact 


actacctcga 


tgatattatt 


gacttattta 


1080 


attgtttgac 


aaatgtttct 


tcattttccc 


tggtgagtgt 


gactattgaa 


agggtaaaag 


1140 


acttttctta 


taatttcgga 


tggcaacatt 


tagaattagt 


taactgtaaa 


tttggacagt 


1200 


ttcccacatt 


gaaactcaaa 


tctctcaaaa 


ggcttacttt 


cacttccaac 


aaaggtggga 


1260 


atgctttttc 


agaagttgat 


ctaccaagcc 


ttgagtttct 


agatctcagt 


agaaatggct 


1320 


tgagtttcaa 


aggttgctgt 


tctcaaagtg 


attttgggac 


aaccagccta 


aagtatttag 


1380 


atctgagctt 


caatggtgtt 


attaccatga 


gttcaaactt 


cttgggctta 


gaacaactag 


1440 


aacatctgga 


tttccagcat 


tccaatttga 


aacaaatgag 


tgagttttca 


gtattcctat 


1500 


cactcagaaa 


cctcatttac 


cttgacattt 


ctcatactca 


caccagagtt 


gctttcaatg 


1560 


gcatcttcaa 


tggcttgtcc 


agtctcgaag 


tcttgaaaat 


ggctggcaat 


tctttccagg 


1620 


aaaacttcct 


tccagatatc 


ttcacagagc 


tgagaaactt 


gaccttcctg 


gacctctctc 


1680 


agtgtcaact 


ggagcagttg 


tctccaacag 


catttaactc 


actctccagt 


cttcaggtac 


1740 


taaatatgag 


ccacaacaac 


ttcttttcat 


tggatacgtt 


tccttataag 


tgtctgaact 


1800 


ccctccaggt 


tcttgattac 


agtctcaatc 


acataatgac 


ttccaaaaaa 


caggaactac 


1860 


agcattttcc 


aagtagtcta 


gctttcttaa 


atcttactca 


gaatgacttt 


gcttgtactt 


1920 


gtgaacacca 


gagtttcctg 


caatggatca 


aggaccagag 


gcagctcttg 


gtggaagttg 


1980 


aacgaatgga 


atgtgcaaca 


ccttcagata 


agcagggcat 


gcctgtgctg 


agtttgaata 


2040 


tcacctgtca 


gatgaataag 


accatcattg 


gtgtgtcggt 


cctcagtgtg 


cttgtagtat 


2100 


ctgttgtagc 


agttctggtc 


tataagttct 


attttcacct 


gatgcttctt 


gctggctgca 


2160 


taaagtatgg 


tagaggtgaa 


aacatctatg 


atgcctttgt 


tatctactca 


agccaggatg 


2220 


aggactgggt 


aaggaatgag 


ctagtaaaga 


atttagaaga 


aggggtgcct 


ccatttcagc 


2280 


tctgccttca 


ctacagagac 


tttattcccg 


gtgtggccat 


tgctgccaac 


atcatccatg 


2340 


aaggtttcca 


taaaagccga 


aaggtgattg 


ttgtggtgtc 


ccagcacttc 


atccagagcc 


2400 


gctggtgtat 


ctttgaatat 


gagattgctc 


agacctggca 


gtttctgagc 


agtcgtgctg 


2460 


gtatcatctt 


cattgtcctg 


cagaaggtgg 


agaagaccct 


gctcaggcag 


caggtggagc 


2520 


tgtaccgcct 


tctcagcagg 


aacacttacc 


tggagtggga 


ggacagtgtc 


ctggggcggc 


2580 


acatcttctg 


gagacgactc 


agaaaagccc 


tgctggatgg 


taaatcatgg 


aatccagaag 


2640 


gaacagtggg 


tacaggatgc 


aattggcagg 


aagcaacatc 


tatctgaaga 


ggaaaaataa 


2700 


aaacctcctg 


aggcatttct 


tgcccagctg 


ggtccaacac 
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ttgttcagtt 


aataagtatt 


2760 



wo 2004/093778 



PCT/IL2004/000349 



aaatgctgcc 


acatgtcagg 


ccttatgcta 


agggtgagta 


attccatggt 


gcactagata 


2820 


tgcagggctg 


ctaatctcaa 


ggagcttcca 


gtgcagaggg 


aataaatgct 


agactaaaat 


2880 


acagagtctt 


ccaggtgggc 


atttcaacca 


actcagtcaa 


ggaacccatg 


acaaagaaag 


2940 


tcatttcaac 


tcttacctca 


tcaagttgaa 


taaagacaga 


gaaaacagaa 


agagacattg 


3000 


ttcttttcct 


gagtcttttg 


aatggaaatt 


gtattatgtt 


atagccatca 


taaaaccatt 


3060 


ttggtagttt 


tgactgaact 


gggtgttcac 


tttttccttt 


ttgattgaat 


acaat't't aaa 


3120 


ttctacttga 


tgactgcagt 


cgtcaagggg 


ctcctgatgc 


aagatgcccc 


ttccatttta 


3180 


agtctgtctc 


cttacagagg 


ttaaagtcta 


gtggctaatt 


cctaaggaaa 


cctgattaac 


3240 


acatgctcac 


aaccatcctg 


gtcattctcg 


agcatgttct 


attttttaac 


taatcacccc 


3300 


tgatatattt 


ttatttttat 


atatccagtt 


ttcatttttt 


tacgtcttgc 


ctataagcta 


3360 


atatcataaa 


taaggttgtt 


taagacgtgc 


ttcaaatatc 


catattaacc 


actatttttc 


3420 


aaggaagtat 


ggaaaagtac 


actctgtcac 


tttgtcactc 


gatgtcattc 


caaagttatt 


3480 


gcctactaag 


taatgactgt 


catgaaagca 


gcattgaaat 


aatttgttta 


aagggggcac 


3540 


■tcttlztaaac 


aaaaaaaaaa 

23 *a ******** 


"tttccacttc 


ctaatcttat 


catggacaat 


ttgggctaga 


3600 


ggcaggaagg 


aagtgggatg 


acctcaggag 


gtcacctttt 


cttgattcca gaaacatatg 


3660 


ggctgataaa 


cccggggtga 


cctcatgaaa 


tgagttgcag 


cagaagttta tttttttcag 


3720 


aacaagtgat 


gtttgatgga 


cctctgaatc 


tctttaggga 


gacacagatg 


gctgggatcc 


3780 


ctcccctgta 


cccttctcac 


tgccaggaga 


acta 






3814 



<210> 3 

<211> 20 

<212> DNA 

<213> Mus musculus 



<400> 3 

taggaccgta aaagacgttg 20 

<210> 4 

<211> 20 

<212> DNA 

<213> Mus musculus 



<400> 4 

gtgtacagta aacaagttgt 20 



<210> 5 
<211> 20 
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<212> DNA 



<213> Mus musculus 



<400> 5 

gttaccgatg tggtccttat 



20 



<210> 6 

<211> 20 

<212> DNA 

<213> Mus musculus 

<400> 6 

agttatgaga agatttcgtt 20 

<210> 7 

<211> 21 

<212> DNA 

<213> Mus musculus 



<210> 8 

<211> 21 

<212> DNA 

<213> MUS musculus 

<400> 8 

aaacaattga agacaaggca t 21 

<210> 9 

<211> 21 

<212> DNA 

<213> Mus musculus 



<400> 7 

aagcttgaat ccctgcatag a 



21 



<400> 9 

aattggcctc tctagaaagc t 



21 



<210> 10 
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<211> 21 



<212> DNA 



<213> Mus musculus 



<400> 10 

aacctagtac atgtggatct t 



21 



<210> 11 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 11 

gtggctgtgg agacaaatct a 21 

<210> 12 

<2H> 21 

<212> DNA 

<213> Homo sapiens 



<210> 13 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 13 

gattagcata cttagactac t 21 

<210> 14 

<211> 21 

<212> DNA 

<213> Homo sapiens 



<400> 12 

gaattccgat tagcatactt a 



21 



<400> 14 

ggatggcaac atttagaatt a 



21 



<210> 15 
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<211> 21 



<212> DNA 



<213> Homo sapiens 



<400> 15 

gcttgtccag tctcgaagtc t 



21 



<210> 16 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 16 

ggtaaggaat gagctagtaa a 21 

<210> 17 

<211> 21 

<212> DNA 

<213> Homo sapiens 



<210> 18 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 18 

ggtcattctc gagcatgttc t 21 

<210> 19 

<211> 21 

<212> DNA 

<213> Homo sapiens 



<400> 17 

gagggaataa atgctagact a 



21 



<400> 19 

gtcattctcg agcatgttct a 



21 
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<210> 20 

<211> 6786 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> mi sc«f eature 

<222> (60) . . (60) 

<223> n is any nucleotide 

<220> 

<221> misc_feature 

<222> (181) . - (181) 

<223> n is any nucleotide 

<220> 

<221> mi sc_f eature 

<222> (115) . ■ (115) 

<223> n is any nucleotide 

<220> 

<221> mi sc_f eature 

<222> (154)., (154) 

<223> n is any nucleotide 

<220> 

<221> mi sc_f eature 

<222> (240) . . (240) 

<223> n is any nucleotide 

<220> 

<221> mi sc_f eature 

<222> (686) . . (686) 

<223> n is any nucleotide 
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<220> 

<221> misc_feature 

<222> (1047) ■ . (1047) 

<223> n is any nucleotide 

<220> 

<221> mi s cofeature 

<222> (1414) . . (1414) 

<223> n is any nucleotide 

<220> 

<221> mi sc_f eature 

<222> (5697).. (5697) 

<223> n is any nucleotide 



<400> 20 
ggtaagaatg 


ctttgtgata 


gcccagcagc 


cttctttccc 


ctatagaaat atatatatan 


60 


tctttttata 


ggtgaggaac 


tgaagcttga 


ataatttaaa 


tgacttatat acatnatcat 


120 


tgcttgttag 


ccacagacca 


gagatttaag 


ttcncatctc 


cagaatccaa cttaaatgtt 


180 


ttctttgtct 


taatactcta 


cttctctaaa 


gtgattatca 


ccaatgtaat gatatagagn 


240 


cacagcaaga 


ccctttcctt 


ctcacctaat 


gtatagagca 


atgcagagat agaatgatgg 


300 


gctataacaa 


tcatataatt 


gaaagaaaga 


acttcaaaaa 


taatcaagtt cagctgtttg 


360 


atttataaat 


gtgataacta 


aaacctagag 


aggaaaagag 


gtactcaaga tcacacagta 


420 


ggagaggact 


gcagaaacac 


caaacccaag 


ctcttttgtc 


cactcttcca gcgttctttc 


480 


tactatactg 


cctatccttt 


atctagttac 


caataaataa 


caaaagcttg gaccacaatg 


540 


cttttattgt 


ctaggaaact 


cctgaagaag 


ctaaataaaa 


tgggtgggga atattgtaaa 


600 


tgtaattcag 


gctggattaa 


gaaagaactt 


atttgacatt 


gtaactgaca agcacctgca 


660 


atgctgaaag 


gaatttttca 


ttggcntgct 


gtttgctggg 


ctgcatcaaa gccctgtctc 


720 


taggacatgt 


ctctgaacat 


tgtgtgtagc 


atggctttca 


tttcttttag gataaaattc 


780 


aaaacccttt 


atctggttgg 


taaacctctg 


cctaattggg 


aaccttcttt ctccacaact 


840 


ccatattgta 


cactccaatt 


tcatctctgt 


tctccaacca 


tggaagctat ttgtcatgat 


900 


tcctccttgt 


gtcatttttt 


ttctgtcaac 


cttggggctt 


ttgtgtttgc tgttcacttc 


960 


acctcctttt 


attgttaact 


tctactcatc 


tttcaatttt 


caacttaagt gttctcagag 


1020 


aaacctactt 


tgattttctt 


ggtccanaac 


ggttctctgg 


atgtgaactc ttatagcaca 


1080 


taattttcac 


ttttttccac 


aaaactcgct 


cctatcacct 
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gttacaagca tttacctctg 


1140 
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ataacaagaa 


ctttcaaata tctagctgtc 


atgtaagcac 


ttttcataaa 


cattaagagt 


1200 


atctgtgaca 


cttatgtgta atgtttcgta tctctgaaat 


tgatatttac 


cagtcattta 


1260 


tcttggctac 


caactaacaa 


ctatccatat 


tatctgtacc 


aatcagatgt 


ataatcacaa 


1320 


ttttgtgtga 


cagaaaatgg 


ctaaacttga tccaaggcta 


ttacatgctt 


tatcaactgc 


1380 


acaatcttta 


tatatgtcaa 


ttattgatct 


ttanctgatt 


tccttcttat 


ggattttctc 


1440 


ctctgcttat 


catgtatgcc 


taacatgaca 


aaaaagagcc 


tatcattgca 


gccagtatga 


1500 


taatactcag 


tctgtggggc 


ttcttatttg 


cttattccat 


catcatctgt 


cctgcttgat 


1560 


gtctttgcct 


atgcacaatc 


atatgaccca tcacatctgt 


atgaagagct 


ggatgactag 


1620 


gattaatatt 


ctattttagg 


ttcttattca 


gcagaaatat 


tagataatca 


atgtcttttt 


1680 


attcctgtag 


gtgtgaaatc 


cagacaattg 


aagatggggc 


atatcagagc 


ctaagccacc 


1740 


tctctacctt 


aatattgaca ggaaacccca 


tccagagttt 


agccctggga gccttttctg 


1800 


gactatcaag 


tttacagaag 


ctggtggctg 


tggagacaaa 


tctagcatct 


ctagagaact 


1860 


tccccattgg 


acatctcaaa actttgaaag 


aacttaatgt 


ggctcacaat 


cttatccaat 


1920 


ctttcaaatt 


acctgagtat 


ttttctaatc 


tgaccaatct 


agagcacttg 


gacctttcca 


1980 


gcaacaagat 


tcaaagtatt 


tattgcacag 


acttgcgggt 


tctacatcaa 


atgcccctac 


2040 


tcaatctctc 


tttagacctg 


tccctgaacc 


ctatgaactt 


tatccaacca 


ggtgcattta 


2100 


aagaaattag 


gcttcataag 


ctgactttaa 


gaaataattt 


tgatagttta 


aatgtaatga 


2160 


aaacttgtat 


tcaaggtctg 


gctggtttag 


aagtccatcg 


tttggttctg 


ggagaattta 


2220 


gaaatgaagg 


aaacttggaa aagtttgaca aatctgctct 


agagggcctg 


tgcaatttga 


2280 


ccattgaaga 


attccgatta gcatacttag 


actactacct 


cgatgatatt 


attgacttat 


2340 


ttaattgttt 


gacaaatgtt 


tcttcatttt 


ccctggtgag 


tgtgactatt 


gaaagggtaa 


2400 


aagacttttc 


ttataatttc 


ggatggcaac 


atttagaatt 


agttaactgt 


aaatttggac 


2460 


agtttcccac 


attgaaactc 


aaatctctca 


aaaggcttac 


tttcacttcc 


aacaaaggtg 


2520 


ggaatgcttt ttcagaagtt gatctaccaa gccttgagtt tctagatctc agtagaaatg 


2580 


gcttgagttt 


caaaggttgc 


tgttctcaaa 


gtgattttgg 


gacaaccagc 


ctaaagtatt 


2640 


tagatctgag 


cttcaatggt 


gttattacca 


tgagttcaaa 


cttcttgggc 


ttagaacaac 


2700 


tagaacatct 


ggatttccag 


cattccaatt 


tgaaacaaat 


gagtgagttt 


tcagtattcc 


2760 


tatcactcag 


aaacctcatt 


taccttgaca 


tttctcatac 


tcacaccaga 


gttgctttca 


2820 


atggcatctt 


caatggcttg 


tccagtctcg 


aagtcttgaa 


aatggctggc 


aattctttcc 


2880 


aggaaaactt 


ccttccagat 


atcttcacag 


agctgagaaa 


cttgaccttc 


ctggacctct 


2940 


ctcagtgtca 


actggagcag 


ttgtctccaa 


cagcatttaa 


ctcactctcc 


agtcttcagg 


3000 


tactaaatat 


gagccacaac 


aacttctttt 


cattggatac 


gtttccttat 


aagtgtctga 


3060 


actccctcca 


ggttcttgat 


tacagtctca 


atcacataat 


gacttccaaa aaacaggaac 


3120 


tacagcattt 


tccaagtagt 


ctagctttct 


taaatcttac 


tcagaatgac 


tttgcttgta 


3180 
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cttgtgaaca ccagagtttc ctgcaatgga tcaaggacca gaggcagctc ttggtggaag 3240 

ttgaacgaat ggaatgtgca acaccttcag ataagcaggg catgcctgtg ctgagtttga 3300 

atatcacctg tcagatgaat aagaccatca ttggtgtgtc ggtcctcagt gtgcttgtag 3360 

tatctgttgt agcagttctg gtctataagt tctattttca cctgatgctt cttgctggct 3420 

gcataaagta tggtagaggt gaaaacatct atgatgcctt tgttatctac tcaagccagg 3480 

atgaggactg ggtaaggaat gagctagtaa agaatttaga agaaggggtg cctccatttc 3540 

agctctgcct tcactacaga gactttattc ccggtgtggc cattgctgcc aacatcatcc 3600 

atgaaggttt ccataaaagc cgaaaggtga ttgttgtggt gtcccagcac ttcatccaga 3660 

gccgctggtg tatctttgaa tatgagattg ctcagacctg gcagtttctg agcagtcgtg 3720 

ctggtatcat cttcattgtc ctgcagaagg tggagaagac cctgctcagg cagcaggtgg 3780 

agctgtaccg ccttctcagc aggaacactt acctggagtg ggaggacagt gtcctggggc 3840 

ggcacatctt ctggagacga ctcagaaaag ccctgctgga tggtaaatca tggaatccag 3900 

aaggaacagt gggtacagga tgcaattggc aggaagcaac atctatctga agaggaaaaa 3960 

taaaaacctc ctgaggcatt tcttgcccag ctgggtccaa cacttgttca gttaataagt 4020 

attaaatgct gccacatgtc aggccttatg ctaagggtga gtaattccat ggtgcactag 4080 

atatgcaggg ctgctaatct caaggagctt ccagtgcaga gggaataaat gctagactaa 4140 

aatacagagt cttccaggtg ggcatttcaa ccaactcagt caaggaaccc atgacaaaga 4200 

aagtcatttc aactcttacc tcatcaagtt gaataaagac agagaaaaca gaaagagaca 4260 

ttgttctttt cctgagtctt ttgaatggaa attgtattat gttatagcca tcataaaacc 4320 

attttggtag ttttgactga actgggtgtt cactttttcc tttttgattg aatacaattt 4380 

aaattctact tgatgactgc agtcgtcaag gggctcctga tgcaagatgc cccttccatt 4440 

ttaagtctgt ctccttacag aggttaaagt ctagtggcta attcctaagg aaacctgatt 4500 

aacacatgct cacaaccatc ctggtcattc tcgagcatgt tctatttttt aactaatcac 4560 

ccctgatata tttttatttt tatatatcca gttttcattt ttttacgtct tgcctataag 4620 

ctaatatcat aaataaggtt gtttaagacg tgcttcaaat atccatatta accactattt 4680 

ttcaaggaag tatggaaaag tacactctgt cactttgtca ctcgatgtca ttccaaagtt 4740 

attgcctact aagtaatgac tgtcatgaaa gcagcattga aataatttgt ttaaaggggg 4800 

cactctttta aacgggaaga aaatttccgc ttcctggtct tatcatggac aatttgggct 4860 

agaggcagga aggaagtggg atgacctcag gaggtcacct tttcttgatt ccagaaacat 4920 

atgggctgat aaacccgggg tgacctcatg aaatgagttg cagcagaagt ttattttttt 4980 

cagaacaagt gatgtttgat ggacctctga atctctttag ggagacacag atggctggga 5040 

tccctcccct gtacccttct cactgccagg agaactacgt gtgaaggtat tcaaggcagg 5100 

gagtatacat tgctgtttcc tgttgggcaa tgctccttga ccacattttg ggaagagtgg 5160 

atgttatcat tgagaaaaca atgtgtctgg aattaatggg gttcttataa agaaggttcc 5220 

cagaaaagaa tgttcatcca gcctcctcag aaacagaaca ttcaagaaaa ggacaatcag 5280 
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gatgtcatca 


gggaaatgaa 


aataaaaacc 


acaatgagat 


atcaccttat 


accaggtaga 


5340 


atggctacta 


taaaaaaatg 


aagtgtcatc 


aaggatatag 


agaaattgga 


acccttcttc 


5400 


actgctggag 


ggaatggaaa 


atggtgtagc 


cgttatgaaa 


aacagtacgg 


aggtttctca 


5460 


aaaattaaaa 


atagaactgc 


tatatgatcc 


agcaatctca 


cttctgtata 


tatacccaaa 


5520 


ataattgaaa 


tcagaatttc 


aagaaaa.tzati 


ttacactccc 


atgttcattg 


tggcactctt 


5580 


cacaatcact 


gtttccaaag 


ttatggaaac 


aacccaaatt 


tccattgaaa 


aataaatgga 


5640 


caaagaaaat 


gtgcatatac 


gtacaatggg 


atattattca 


gcctaaaaaa 


agggggnatc 


5700 


ctgttattta 


tgacaacatg 


aataaacccg 


gagccattat 


gctatgtaaa 


atgagcaagt 


5760 


aacagaaaga 


caaatactgc 


ctgatttcat 


ttatatgagg 


ti *ti c "C a a a a "t a 


gtcaaactca 


5820 


tagaagcaga 


gaatagaaca 


gtggttccta 


gggaaaagga 


ggaagggaga 


aatgaggaaa 


5880 


tagggagttg 


tctaattggt 


ataaaattat 


agtatgcaag 


atgaattagc 


tctaaagatc 


5940 


agctgtatag 


cagagttcgt 


ataatgaaca 


atactgtatt 


atgcacttaa 


cattttgtta 


6000 


^g^gggtacc 


tctcatgtta 


agtgttctta 


ccatatacat 


atacacaagg 


aagcttttgg 


6060 


aggtgatgga 


tatatttatt 


accttgattg 


tggtgatggt 


ttgacaggta 


tgtgactatg 


6120 


tctaaactca 


tcaaattgta 


tacattaaat 


atatgcagtt 


ttataatatc 


aattatgtct 


6180 


gaatgaagct 


ataaaaaaga 


aaagacaaca 


aaattcagtt 


gtcaaaactg 


gaaatatgac 


6240 


cacagtcaga 


agtgtttgtt 


actgagtgtt 


tcagagtgtg 


tttggtttga 


gcaggtctag 


6300 


ggtgattgaa 


catccctggg 


tgtgtttcca 


tgtctcatgt 


actagtgaaa 


gtagatgtgt 


6360 


gcatttgtgc 


acatatccct 


atgtatccct 


atcagggctg 


tgtgtatttg 


aaagtgtgtg 


6420 


tgtccgcatg 


atcatatctg 


tatagaagag 


agtgtgatta 


tatttcttga 


agaatacatc 


6480 


catttgaaat 


ggatgtctat 


ggctgtttga 


gatgagttct 


ctactcttgt 


gcttgtacag 


6540 


'f'a ri'I" f*"^ ff^r^f 
1. dy L CI. C L. 


•f* "f* a "f" ^ ^ ^ "t* "t* a 


c LX.yyi.yy 


rTi'H"*""!"'!* 
d Ldcy I. UL. L I. 


dyd\»^«Mv.ddy 






agaccgcaga 


tggtaccaaa 


cctcatatat 


gcaatatttt 


ttcctataca 


taaataccta 


6660 


agataaagtt 


catcttctga 


attaggcaca 


gtaagagatt 


aacaataact 


aacaataaaa 


6720 


ttgaatagtt 


ataataatat 


attgtaataa 


aagttatgtg 


aatgtgatct 


ctttcttttc 


6780 


tctctc 












6786 



<210> 21 

<211> 19 

<212> DNA 

<213> Homo sapiens 



<400> 21 

gcttcagttc ctcacctat 19 
<210> 22 
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<211> 19 

<212> DNA 

<213> Homo sapiens 

<400> 22 

ttgggtttgg tgtttctgc 19 

<210> 23 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 23 

tcccacttcc ttcctgcctc t 21 

<210> 24 

<211> 20 

<212> DNA 

<213> Homo sapiens 



<400> 24 

cctcatttct cccttcctcc 20 
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